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Page 17: Equation (47) should read

fc" _g_0

Page 25, line 15." Immediately following the sentence ending with the word

"constant" insert the following sentences:

It should be noted that the four functions described above do not destroy the

contents of the multiplier-quotient register, C(MQ), although C(MQ) may be

altered as a result of the shifting. This fact is used in some portions of the

program to avoid storing C(MQ). Therefore any routines written to replace the

functions discussed here must not destroy C(MQ).

Page 25, line 25: Immediately preceding the last paragraph insert the fol-

lowing paragraphs:

In addition to the program input to be discussed in the section PROGRAM

I_ DATA_ thermodynamic data must be supplied to the program. These data are

assumed to be available as a master data tape, which must be loaded onto tape

handler number four at the start of computation and unloaded when the computa-

tions have been completed. Since this master data tape is used for both reading

and writing it cannot be file protected. Loading and unloading the data tape is

time consuming and costly. It has been found to be economical to make the data

tape from binary cards rather than to stop the computer for loading and unload-

ing the data tape. The following changes will permit operation in this fashion.

For the IBM 7090 program_ replace card number 125, page 87 (PAUSE i!ii!) with

5000 REWIND 4

CALL BCRFgkD (DATA(4¢), DATA(l))

DATA(25)=DATA(26)

WRITE TAPE 4, (DATA(I), I=l, 25)

IF (MDATA(!)-MEND) 5000_ 429, 5000

Also remove card number 552, page 88 (PAUSE 77777). The corresponding change

for the IBM 704 program involves replacing card number 106, page 50,

(PAUSE lllll) with
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5000 REWIND 4=

CALL BCREAD (DATA(4=4=), DATA(I))

DATA(23)=DATA(26)
W_ TAP_4=,(DATA(Z),I=l,23)
CLADATA(l)
SUB END

TNZ*5000

and removing card number 4=523 page 53 (PAUSE 77777). If these changes are made_

then the master data tape is no longer needed but the equivalent binary cards

must be available. These can be made from the master data tape.

_ese changes use the Subroutine BCREAD (A_B). This subroutine is part of

a computer system at the Lewis Research Center and is not given in this report;

however_ its only function is to read binary cards punched by a companion Sub-

routine BCDUMP (A_B). In both cases the arguments A aad B are 3 respectively3

the first and last words to be read or punched. Each binary card contains

22 words of information and thus 3 since the data for each species requires

23 words (see fig. 6), two cards are required for each species. The first of

each pair of cards contains the first 22 words while the second card of each

pair contains the 25rd word plus the first Z words of the record for identifica-

tion purposes. These t_o subroutines are not essential and can be replaced by

any equivalent subroutines or sequence of instructions.

Page 62: Replace card number 14=183 statement number i126_ with

2125

1128

IF (_N_(J)) _1_53 ll2G, 2125
P=P+_(_ZN(_))
CONTIKUE

Page 64=: Replace card number 1709_ statement number 309_ with

309 PCP(ZS)=PCP(IADD)
IADD=25

Page 96: Replace card number 10333 statement number 10313 with

1031 IF (WF) i050, 1050, 104=0

Page 96: Replace card number 1039 with

i050 DO 2000 I=i,15

Page 99: Replace card number 133S with

IF (ABSF(D LN T)-ABSF(X(IQ1))) SO1, 91_, 913

Page 99: Replace card number 134=1 with

zF (D_Z N(J)) 917, Sly, lSZ7
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Page 99: Replace card number1374, statement number1126, with

IF (EN LN(J)) 2125, 1126, 2125
2125 P=P+_F(E_ _N(J))
1126 CONTINUE

Page 102: Replace card number 1656, statement number 309, with

309 PCP(25)=PCP(IADD)

_D=25

NASA-Langley, 1963 Issued 2-27-63 Page 3 of 3 pages





I
CO_TENTS I

Page

SUMMARY .............................. i

INTRODUCTION ........................... I

SUMMARY OF EQUATIONS USED IN THE PROGRAM ............. 2

Equilibrium Compositions and Properties of Complex Mixtures . S

Frozen Composition and Properties of Complex Mixtures ...... S

Rocket Performance Parameters .................. 6

Chapman-Jouguet Detonations ................... 8

Thermodynamic Data ....................... 8

Input Calculations ....................... 9

INITIAL ESTIMATES ......................... 12

Equilibrium Compositions .................... 12

Rocket Nozzle Throat ...................... 12

Chapman-Jouguet Detonations ................... iS

CONVERGENCE ............................ 14

Evaluation of Convergence Parameter h ............. 14

Criteria for Convergence .................... IS

Equilibrium compositions ................... IS

Throat conditions ....................... 16

Chapman-Jouguet detonations ................... 16

CONDENSED PHASES ......................... 16

Condensation .......................... 16

Phase Transitions and Triple Points ............... 17

Accidental Singularities .................... 21

Assigned Pressures Too Low ................... 22

THE COMPUTER PROGRAM ....................... 2S

Core-Load One .......................... 26

Subroutine INPUT ....................... 26

Subroutine SEARCH ....................... 27

Subroutine BYPASS ....................... 27

Core-Load Two .......................... 27

Subroutine BYPASS ....................... 27

Subroutine MATRIX ....................... 27

Subroutine GAUSS ....................... 27

Core-Load Three ......................... 28

Core-Load Four ......................... 28

Core-Load Five ......................... 28



ii

PROGRAMINPUTDATA........................ 28
Reactant Cards ......................... 29
Omit-Insert Cards ....................... 50
Problem Cards ......................... 31
Schedule Cards ......................... 31
Mixture Cards ......................... 31

PROGRAM OUTPUT .......................... 32

INTERMEDIATE OUTPUT ....................... $4

APPENDIXES

A- SYMBOLS .......................... 36

B - THERMODYNAMIC DATA ..................... 42

C - PROGRAM LISTING FOR IBM 704 ................ SO

Main Program One ..................... SO

Subroutine SEARCH ................... $4

Subroutine BYPASS ................... $7

Subroutine INPUT .................... 38

Main 1½"ogram Two ..................... _0
Subroutine GAUSS .................... 6S

Subroutine MATRIX ................... 68

Main Program Three .................... 71

Main l_'ogrs_a Four .................... 7S
Subroutine OUT ..................... 76

Subroutine ONCE .................... 78

Subroutine SPEC .................... 78

Subroutine COMP .................... 79

Main Program Five .................... 80

Subroutine SPEC .................... 81

Subrout ine HEAD .................... 81

Subroutine PERDER ................... 82

Subroutine PERDEY ................... 8Z

Subroutine READ .................... 82

Subroutine ONCE .................... 83

Subroutine COMP .................... 83

Subroutine PERPAR ................... 84

Subroutine VAR ..................... 84

D - PROGRAM LISTING FOR IBM 7090 ................ 86

Main Program ....................... $6

Subroutine SEARCH ................... 89

Subroutine BYPASS ................... 92

Subroutine INPUT .................... 94

Subroutine CORER .................... 97

Subroutine GAUSS .................... 103

Subroutine MATRIX ................... 10S

Subroutine CORE3 .................... 108

Subroutine CORE4 .................... iii



iii

Subroutine OUT..................... 114
Subroutine ONCE .................... 116
Subroutine SPEC .................... llC
Subroutine COMP.................... 117
Subroutine CORE5.................... IIS
Subroutine HEAD .................... 119
Subroutine PERDER................... 119
Subroutine PERDEY................... 120
Subroutine READ .................... 120
Subroutine PERPAR................... 120
Subroutine VAR..................... 121

REFERENCES............................ 122

TABLES.............................. 124





NATIONALAERONAUTICSANDSPACEADMINISTRATION

TECHNICALNOTED-IA5_

A GENERALIBM 704 OR7090 COMPUTERPROGRAMFORCOMPUTATION

OFC_[ENiCALEQUILIBRIUMCOMPOSITIONS;ROCKET

PEIKFORMANCE;ANDCHAPMAN-JOUGUET

DETONATIONS

By Frank J. Zeleznik and Sanford Gordon

SUMMARY

A detailed description of a computer program for computations in-
volving chemical equilibrium in complex systems is given. It is based
on iteration equations for chemical equilibrium computations that are
independent of choice of components. The program permits calculations
such as: (i) chemical equilibrium for assigned temperatures and pres-
sures, (2) theoretical rocket performance for both frozen and equilib-
rium compositions during expansion, and (3) Chapman-Jouguetdetonation
properties.

A discussion of someof the problems attendant with the presence
of condensedspecies as reaction products is also given.

INTRODUCTION

The problem of the numerical solution of the nonlinear algebraic
equations describing chemical equilibrium has been the subject of nu-
merous papers. Reference i contains an extensive bibliography on the
subject prior to 1959. Since the publication of reference I, manyaddi-
tional papers have been written dealing with the computation of chemical
equilibrium properties (refs. 2 to 16). Someof the references describe
programs for digital computers. Reference i_ for example, contains a
detailed description of a program written at the Lewis Research Center
for the IBM 650 to calculate equilibrium compositions and rocket per-
formance.

The purpose of this report is to describe in detail a computer pro-
gramwritten at the Lewis Research Center for the IBM 704 and 7090 for
the computation of chemical equilibrium in complex systems with several



applications. Use has been madeof the modified Huff method described
in reference 15, which permits iteration equations to be written in a
form independent of the choice of components. The program can perform
the following calculations: (i) chemical equilibrium for assigned tem-
peratures and pressures, (2) theoretical rocket performance for both
frozen and equilibrium composition during expansion, and (3) Chapman-
Jouguet detonation properties.

The objective has been to develop a program that can compute equi-
librium compositions for any chemical system for which thermodynamic
data exist. To accomplish this objective, several special techniques
were incorporated to handle problems that would otherwise not converge.
These techniques, which have proven successful in the manyproblems at-
tempted, include a flexible convergence control parameter, automatic
inclusion of condensedspecies with the possibility of triple points,
and a pivoting procedure du_ing solution of the iteration equations.

The computer program will be described in the following sections
of the report with sufficient detail to permit its use. The following
are someof its general features:

(i) It requires only simple input.

(2) It requires no initial estimates.

(3) It handles up to 15 chemical elements and a total of 90 reac-
tion products including condensedspecies.

SUMMARYOFEQUATIONSUSEDIN THEPROGRAM

The derivations of equations used in the program and a discussion
of the assumptions involved have been previously published (refs. i, iS,
17, iS, and 19). However, for convenience in describing the computer
program, the pertinent equations from these references will be s_mlma-
rized in this report.

The notation of these references was used whenpossible. However,
since the notation in all these references is not exactly the same, com-
plete consistency was not possible_ in particular for thermodynamicfunc-
tions. In this report, for heat capacity, enthalpy, entropy, and free
energy, a capital Romanletter refers to the quantity per mole, while
a capital script letter is the dimensionless form (which, in the case
of entropy and free energy, may include additional dimensionless terms).
A lower-case Romanletter is the quantity per unit mass, while a lower-
case script letter has the units of moles per unit massof reactant.



Equilibrium Compositions and Properties of

ComplexMixtures

The equilibrium compositions are obtained by a Newton-Raphsoniter-
ation. The iteration equations are those of the modified Huff method,
which were derived in reference IS and are presented in figure 2 of that
report. These equations are presented herein as table I with symbols
altered to correspond to those used in this report. The corrections to
the estimates that are obtained from this set of iteration equations
are unaffected by the choice of componentsand are only affected by the
current estimates. These equations makeno distinction between compo-
nents and constituents, and thus any species can be dropped from the
calculation. The iteration equations give corrections to the moles of
each condensedspecies and the variables A and T directly. (S_bols
are defined in appendix A.) The corrections to the moles of gaseous
species are obtained from the following equation (see eq. (88), ref. iS):

M

in ni = - _i + }[ aki A in uk + _i _ in T

k=l

(i : i, 2, ., m)

(la)

It is sometimes disadvantageous to apply the entire correction

called for by the iteration equations. Consequently an empirical con-

vergence parameter _(0 < h _ i) is used to control the size of the

corrections. A numerical value for h is determined at each iteration.

Methods for evaluating h are discussed in the section Evaluation of

Convergence Parameter _. New estimates are obtained from the following

equations:

in j÷l) = in j) ÷ ni (i = l, ., m)"

(j+l) (j)
n. = n. + _ An. (i = m + i, m + 2, ., n)
I i I

lnl (j+l) :lnl (j) +_alnA

(l_)

in T (j+l) = in T (j) + _ a in T

The indices j and j+l signify the estimates for the jth and

(j+i) st iterations. When the iteration has converged, the moles of

gaseous species ni will be numerically equal to the partial pressures

Pi(i = i, 2, ., m).



After the equilibrium compositions have been determined, the three
independent first derivatives Cp, (_ in M/%in T)p, and (_! in M/3 in P)T
can be evaluated by a procedure analogous to that described in refer-
ence i. The calculation of Cp and (3 in M/$ in T)p requires the de-
rivatives (3 in ni/_in _)p (i= i, _, .,_), (__i/_in _)p
(i = m + i, m + 2, ., n), and ($ in A/$ in T)p. Following the pro-

cedure of reference i5 for the elimination of linear combination terms,

the set of equations in table II is obtained for the derivatives

(3 in ui/% in T)p (i = l, 2, ., _), (0 ni/_ in T)p

(i = m + i, m + 2, ., n), and (3 in A/$ in T)p. The

(_ in ni/O In T)p are related to these by

= + _i
in T p aki _ in T p

k=l

(i = i, Z, ., m) (2a)

Writing the equation for evaluating the specific heat (eq. (42), ref. l)

in the notation of this report and substituting equation (2a) in it
give

IzA ( )Z +zcp _ aki_ini 0 in T p

Lk=l i=l i=m+! i=l

m m1i=l "=-

(2b)

The solution of the equations in table !I also gives one of the molec-

ular weight derivatives by means of the relation

in p in p
(3a)
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The derivative (,j in M/i I_ P)T can be calculated from

= P

kini <i in A
_.._ L..._- T
k:l i:l

- 1 (a_)

where the required partial derivatives in (5b) are obtained by a solu-

tion of the equations of table III of this report. The equations (5a)

and (Sb) and the equations of table III are identical, respectively, to

equations (48) and (SI) and figt_'e 4 of reference i except for nota-

tion. It should be noted that the matrix elements of tables II and III

are identical with the corresponding elements of table I except for the

sign of the last column in table II. The isentropic exponent y used

in tile calculations of the velocity of sound is

#_ in P_ =

Y - _c! inO_)s

1 {_,l::_] R I1 &lnH]] 2

(:)

Frozen Composition and Properties of Complex Mixtures

In addition to the properties of a complex mixture under conditions

of chemical equilibrimn, it is sometimes desirable to obtain properties

of the mixture for a fixed composition. The technique for doing this

has been discussed in reference I. The procedure employed here is iden-

tical except it has been found convenient to use the composition in

terms of mole fractions. For a mixture of fixed composition, entropy,

and pressure, the temperature is calculated by a Newton-Raphson itera-

tion. The correction to the current estimate for temperature is ob-
tained from

O

Yf - _,_f
± :n _ - (5a)

n

E _'i x.

The improved estimate for temperature is then obtained by means of

in T (j+l) = in T (j) -A in T (5b)

For frozen composition_ the three independent first partial deriva-
tives are:



n

_xi

cp = R i=l (G)
m

Mc E xi
i=l

and

and

(_ in M_

in TIp = 0 (7)

inP]_: 0 (8)

The isentropic exponent y is

C_c (9)
Y - CpM c - R

Rocket Performance Parameters

The evaluation of rocket performance parameters for a propellant is

sLmple once the temperature and composition are known at combustion and

exit points of a nozzle. The temperature and composition in the combus-

tion chamber and at all exit points, with the exception of the throat,

can be determined by the previous iteration equations. The throat con-

ditions are evaluated with the aid of a secondary Newton-Raphson itera-

tion using the equation

k+l
(lO)

where (Pc/P)k is the kth estimate for pressure ratio at the throat and

_k is the value of h* for the pressure corresponding to this pressure

ratio and an entropy equal to the combustion entropy. This procedure is

identical to the one described in reference i. The method used to ob-

estimate for Pc/P and T at the throat is describedtain the initial

in a later section.



The following formulas used in computing the various performance
parameters were derived from the one-dimensional forms of continuity,
energy_ and momentumequations and the following assumptions: zero ve-
locity in the combustion chamber, perfect gas law, complete combustion,
homogeneousmixing_ adiabatic combustion, and isentropic expansion.
(The units used were h = cal/g, T = OK, P = ib force/sq in. A = sq in.,
w = ib mass/sec, and gc = $2.174 (ib mass/ib force)(ft/sec2i.)

Specific impulse with ambient and exit pressures equal,
(ib force)(sec)/ib mass:

I : 294.98 T 1000
(ml)

Specific impulse in vacuum (ambient pressure zero)_

(ib force)(sec)/ib mass:

Irac = I + PA- (lZ)
w

Nozzle area per unit mass-flow rate, (sq in.)(sec)/Ib:

A _ 8G.4_79_ (13)
w PMI

Characteristic velocity_ ft/sec:

A 82. 174 c w
c* : gcPc w t

(14)

Coefficient of thrust:

gc I !
- 32.174-- (15)

CF - c* c*

Mach number:

U I
__ _ (16)

Us _86. 4579M yT

The derivatives of these performance parameters and their use for

extrapolation and interpolation of rocket performance calculation are

discussed in reference 17. The formulas for calculating these deriva-

tives are given in table IV. The program calculates the derivatives of



T, I_ c, and c* only. The remaining derivatives can be calculated

from these and other equilibrium properties using the equations in
table IV.

Chapman-Jouguet Detonations

The the_nodyn_nic calculation of the properties of a Chapman-

Jouguet detonation are discussed in reference 18. The calculation in-

volves a Newton-Raphson iteration to determine detonation conditions in

addition to the previously described iteration for determining equilib-

rium compositions. The detonation iteration equations are presented

here as table V. Reference 18 also presents a method for evaluating the

partial derivatives of the detonation velocity_ pressure ratio_ and tem-

perature ratio and discusses their use in extrapolating detonation data.

The equations for evaluating the required partial derivatives are pre-

sented here as table VI. When detonation conditions have been deter-

mined_ the detonation velocity in meters per second can be calculated as

UD = 91.1845 o_ _
(17)

where T is in OK.

Thermodynamic Data

TI_e thermodynamic data used by the program must be in the form of

empirical equations; thus

o
Cp
R - al + a2T + asT2 + a4T3 + asT'$ (18)

and

o

H T a 2 a S a a a S a 6

RT - al + _2 T + _o T2 + -_7 T3 +-_- T4 + _T (19)

and

o
S T a S

-_- : a I in T + a2T + -_- T 2 +
as T 4

T 3 +-7 + a 7 (_o)

The constants ai(i : i, 2, ., 7) can be evaluated by the least-

squares method of reference 19 for one or more temperature intervals.



Continuity of the three functions across intervals is assured by the

aforementioned method since it requires that the residuals vanish at the

first point of each interval. The equations for determining the con-

stants are given in table Vii. Appendix B lists coefficients for 22_

substances obtained by means of the equations in table VII. The coeffi-

cients for most substances cover the range from 500 ° to 5000 ° K in the

two intervals SO0 ° to i000 ° K and i000 ° to 5000 ° K.

The enthalpy base selected was an assigmed value of zero at

298.15 ° K for the reference substances: Al(s), Be(s), C(graphite),

cl (g),F2(g), Li(s),Mg(s),N2(g),Na(s), P( h te),
S(rhombic), and Si(c), and zero at 0° K for At(g), He(g), s:id Ne(g).

To
The value H298.16 for a substance formed from any of these refer-

ence substances except the inert gases is its heat of formation relative

to these substances at 298.15 ° K. For example, for C02,

HZ9S.IS = SH298.15 = -9_051.8 cal/mole, which can be obtained from the

coefficients in the 500 ° to i000 ° K interval _ith T = 298.15 ° K.

Input Calculations

The input calculations are identical to those described in refer-

ence i. For convenience they will be described in this report. The

reactants are divided into two groups_ fuels and oxidants. The fuels

are those reactants which will be primarily oxidized, while oxidants

are those reactants which will be primarily reduced. The fuels can be

combined into an effective fuel by specifying the relative proportions

of each fuel. Similarly, the oxidants can be combined into an effective

oxidant by specifying the relative proportions of the oxidants. The
oi

overall composition (i.e., the b i s) can be calculated by specifying
the relative amounts of the effective oxidant and effective fuel. This

method of assigning the overall composition is particularly convenient

if calculations are to be performed for various relative amounts of ef-

fective oxidant and effective fuel. The gram-atoms of the ith element

per gram of effective oxidant or of effective fuel are, respectively_

S wxax _A- x I i] (21a)
k j



i0

or

f

f wj
i alj _Tf

k j

(Zlb)

o
In terms of these equations, the gram-atoms per gram of reactant b i
can be calculated as

]D°coj )(
b° -

i + (o/r)
(22)

Formulas analogous to formulas (21) and (22) are used to calculate

the following enthalpies:

Enthalpy per gram of effective oxidant:

Zi ;<w 
k J

Enthalpy per gram of effective fuel:

k j

(23b)

Enthalpy per gram of reactant:

hf + (O/F)hx
ho - i + (o/F) (2,_)

The relative amounts of effective oxidant and fuel are sometimes given

as the weight percent of fuel %F, which is related to the oxidant-to-

fuel weight ratio 0/F by

i00

_F - i + (o/r) (2s)
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A third way of specifying the relative smounts of oxidant and fuel is

by means of an equivalence ratio, which can be related to O/F. Let

_ii and V_ be the positive and negative oxidation states of an element

in its commonly occurring compounds. At least one of these will be

zero. Thus_ for example_ the negative oxidation state for chlorine is

-i and its positive oxidation state is zero. In terms of the common

oxidation states for the elements, oxidation states per gram of effec-

tive oxidant and fuel are

Z

x j

j=l

(26)

j=l

(27)

J
j=l

(28)

J
j=l

(29)

where the sum is over the various elements. In terms of these four

quantities_ the positive and negative oxidation states of the propellant
are

v+_# +
l + (O/F) (3O)

v_+ (o/F)v_
v- - 1 + (O/F) (31)

The equivalence ratio is now defined as

+_ (o/F)v+V+ -Vf



12

With th_s definition, _ = i, _ < l, s.nd _% > 1 correspond to the stoi-

cRiometric_ ire oxidant-rich_ and the f uei-ric_l conditions_ respectively.

Tt_e equivalence ratio used in this report is the recip_,'ocal <',f tt_e one

used in reference 1.

INITIAL ESTIMATES

All of the iterat, ion equations listed im the preview,s section re-

quire an initial set or esthnates. The methods for ob!.aLni_,_g estimates

for each of the iterations %_ili be described below.

Equilibr iu_n Compositions

Experience has sho_ that for the determinatlion of equilibritun com-

po_:itio:is it is unnecessary to begin the iteration, with a good set _d'

estimates, although a good set of esthnates will reduce the nm_fuer o:f

it._rations required to converge to a solution. However, in the case <'f

complex systems_ it is often extremely difficult and t.ime cons_sairig _o

ettain a good set of composition estimates manually. The cost of a few

_,'_ _:'siteratio__Is on the compR_-,_r will be small relative _.c,the cost of

c btaini:_g estimates manually and inserting them as part of the input in-

formation. _'thermore_ in the case el' rocket performance calculations_

esth_ates are potentially usefn] only for combustJorJ conditions. The

results of combustion conditions serve as estimates for exit conditions.

Th_.refore, the importance of initial estimates decreases as the mAmber

of exit points increases. Because of these considerations, the computer

program to be described in later portions of this report will not accept

est-_mates for any variable otl,er than combustion temperature.

For the i'irst point, the computer prosr_ uses a partial pressum_e

of i atmosphere' for all gaseous species and zero m<les for all condensed

species as initial composition estimates. If the calculation is for an

assigned enthalpy and no com%ustion temperature estimate is given_ then
5an estimate rot temperattme of about _800 _ K is used. For li_e mass

variable A_ an estimate of approximately i_0 gr_s is used. F<.r sue-

ceedi_g points_ the results of the preceding point are used as esti-

mat e s.

Rocket Nozzle Throat

Good estimates, primarily_ for throat pressure and_ secondarily_

f_r t_'.r_at temperatv_r_,, can result in an appreciable decrease in the

m,._m'o_r <_I' iterations becanse of the presence of a secondary iteration



i3

in the calcl_lation of throat conditions in a rocket nozzle. An excel-

lent estimate of the throat press s£'e ratio for both equilibri<_ and

frozen compositions is

_C

Pc/P = (rc 2-+i) rc-I (ss)

This relation usually gives a throat pressure ratio, which is correct

to three places. The tbm_oat temperature is estimated from the equation

2

T - i + vc Tc (S!)

Chapman-Jou_let Detonations

Because the Chapman-Jouguet calculation is a Newton-Raphson itera-

tion within the Newton-Raphson iterations to determine equilibri<_m gas

properties_ it is very desirable to have good estimates for the pressure

ratio and the temperature ratio across the detonation wave. A method

(ref. 18) for obtaining excellent estimates of the temperature and pros-

sure ratio will be described here briefly. Let the initial estimate for

pressure ratio be (P/PI) 0 and the initial estimate for temperature

ratio be (T/TI) O where T in this initial estimate is the flm_e tem-

perature corresponding to an enthalpy

h = hI + 4 H I
(s5)

The initial estimates (P/PI) 0

successive use of the following equations (ref. 18):

and (T/TI) 0 can be further improved by

E+l - + (1+ y)2
(38)

4 MI_ p 0

2

2 MIC p rk+ I (37)
k+l
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where

and

P

rk+l : _ k\. J./In_/k+ 1

( 3!91: )

The q_antities M, T, a:.qd Cp i_ eqT_a.t:ions (S_) +,,--_(15t',)arc: Ir___:, eq_ilib-

proper :,} conaitio   (</FI)0 (</Tl)o. t di  iq o
.of obtaining good estimates for the mo__ration eq-Jations of table V by

means of equations (SC) and (57) is so successful that it has been found

oos_;N:le to arbitrarily set (P/P I). = IS for all chemical systems.
' ' 0

If desired; i.i i.s also possible to calculate the detonation proper-

i.i_s by usi.ug the equilibril_n specific heat ratio ,,< in place of T-

T?o sp<cific heat ratio and the isentropic exponent are related by the

expre s sion

, "l + in T T

C ONVERGENCE

Convergence in an iterative calculation involves two ntamerical

problems: (]) ]Low to assure n_erical convergence, -_nd (2) to determine

s< what stage t]_e iteration should be terminated, k>th or these are

d_scussed in t}le followih 6 sections.

Evaluat%on of Convergence Par_leter

Whe_u poor estimates are used in a Newton-Rapkson iteration_ the

tera-tioi_ equations will invariably siw _ corrections that are too large

(re_'. i). If these corrections were to be used directly, they could

produce a mo._ico_vergent iteration. This type of situation normally oc-

v:r<_ in the early stages of a calculation. At la%er stages of the iter-

ai-,ion when the problem s_ems to be converging satisfactorily_ the itera-

tion sometimes att_,mpts to make large increases in the partial press_Lres

of species that are present in trace mr_ounts. !n both of these cases

it is essential to place some restriction on the size of the correction.

This is accomplished by introducing a corrvergence parameter h into

equation (ib).
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The numerical value of the convergence parameter _ is determined

on the basis of two empirical rules, which experience has shown to be

satisfactory. For the variables T, A, and nj for those gaseous spe-

cies for which In(nj/P 0) > -18.S and for which A in nj > O, a nL_ber
is defined as

2 (j =l, '_, ., m) (,_o)
hi = max(!A l_ T1, IA in l I, A in _j)

This limits the change in T and A and the increase in nj, for those

gaseous species whose gas phase mole fraction exceeds i0-85 to a factor

e 2 = 7.5891. For those gaseous species for which in(nj/PO) L -i8.b

and A in nj > 0, a number h 2 is defined as

(}n P0 - 9"212 - in n_) (j = i, 2,., m) (41)X2 _ min S in nj

This prevents a gaseous species with a mole fraction less than i0 -S

from increasing its partial presst_e so that its gas phase mole fraction

would exceed 10 -4 . The parameter _\ to be used in equation (ib) is de-

fined in terms of hl and R2 as

-rain(l, )_i, }_2) (,12)

Criteria for Convergence

The criteria for convergence, which are used in the various itera-

tire schemes in the program, will be briefly described. If, for some

applications, the criteria seem too stringent, they can readily be re-

laxed by making the appropriate changes in the program.

Equilibrium compositions. - It is assumed that the iteration has

converged to the correct composition _en

nj
n

k=l

!A nj

n

_nk
k=l

S in nil < O.SxIO -5 (j : i, 2, ., m)

< 0.5XI0 -S (j = m + i, m + 2, ., n)

(.iS)



This has the effect of ins_'ing acc_acy to five places in composition

when it is expressed as mole fractions.

Throat conditions. - The t_Lroat conditions in a rocket nozzle are

assembled to be satisfied if

< o.  ×lO

This _, _'_"<_naz_zon in effect makes certain that the Mach number will satisfy

the condition that

_= i ±0. ZXl0 -4 (48 )

C1 apman-Jouguet detonations. - The Chapman-Jouguet conditions are

considered -_="_oozsfied when

and

Z_ In P/Pll < O.$xlO -°

A in </Tll <_o.o×lO

CONDENSED PI_SES

Apart from some control on correction size there are essentially

no nktmeric._{,l difficulties in determining equilibrium compositions in a

gaseous system. A straightforward application of the iteration equations

of table I produces rapid convergence to the correct answers. In prin-

ciple there should similarly be no difficulty in applying ti-lese iteration

equations to systems containing pure_ insoluble condensed phases. Un-

fortunately_ a consideration of pure condensed phases does in actuality

produce some difficulties. The following sections discuss some of the

problems that are encountered and present_ when possible_ methods for

£!cir solution. Some of these methods have been incorporated into the

computer program.

Condensation

The condition for inclusion of the condensed species in the calcu-

lation can be easily derived if it is assumed that the equilibrium com-

position of the system without the condensed species is known at the

assigned conditions and that the condensed species under consideration

]_as a vapor form. This has been done in reference i_ and the condition



17

is based on the fact that the condensation will occ_r when the partial

pressure of a species is greater than or equal to the vapor pressure.

From reference i, the condition for inclusion of a condensed species in
the calculation is

where the subscripts c and g indicate condensed and gaseous phases,

respectively.

}Snen the condensed species does not have a corresponding vapor form,

the inequality (eq. (47)) is no longer applicable. The only recourse is

to include the condensed species in the iteration. If its converged

value is negative, then it must be removed from the calculation and the

composition redetermined. The only species of this type in appendix B

is aluminum oxide (Ai205). One of its condensed phases will almost cer-

tainly be present in any system containing aluminum and oxygen and,

therefore, should be assumed present at the start of the iteration.

Phase Transitions and Triple Points

The calculation method is based on the assumption that condensed

phases are pure. Therefore, the possibility exists of encountering

phase transition between solid and liquid (melting points) or between

two stable solid phases. Such transitions constitute triple points since

three phases of the same species coexist_ one gaseous and two condensed.

Such triple points are characterized by a definite vapor pressure and

temperature, independent of the relative proportions of each phase. This

is shown by the fact that the iteration equations of table I become sin-

gular for an assigned temperature and pressure an£ the inclusion of two

condensed phases of the same species. At a triple point, for a speci-

fied system pressure, the relative amounts of the phases can be deter-

mined only if either the enthalpy or the entropy is assigned.

The problem of determining equilibrium conditions in the vicinity

of a phase transition can be best discussed by consideration of an ex-

ample. Assume that the state is specified by an assigned press<_re and

an assigned entropy per unit mass_ and let the phase transition be the

solid-liquid transition with the transition temperature Tm (i.e., the

melting temperature). An analysis for assigned enthalpy, similar to that

to be given for assigned entropy, co<uld also be made. However, in rocket

performance calculations triple points occur most often at the exit

points of a nozzle_ and, therefore, only the assigned entropy problem

will be treated in detail. Figure I sketches the typical dependence of

system entropy upon temperat<_re for a constant pressure. The dashed ex-

tension of the liquid-vapor curve P2PS would be the system entropy if



t ie liq.iid were stable helo_1 i_}le mclt_ n_ point. A similar statement

]_.olds for the extension of the solid-vapor cmrve PsP<. At P£ all of'

t]_e cond<_msed p}isse is liq<_id; while st PS _ii of the condensed phase

is s<:!id. !:t_,zm,,-,d:[ate points correspond to various relative __mounts of

liquid -<hal st,lid phases. Along the extension PTP_. the solid phs,se is

pr_-'S<_r'_ "__LP.ega,tivc _SK:_LntS, while alon C PsP4 the amount of liqbid is

Two sSt_a<-'ons will be considered. First let th< assigned entropy

have the value sI. If only the data for the liquid phase are used, the
!

iteration will converge %o the temperature T Z. Since this temperature

[., below the melting] point, the liquid phase cannot exist; therefore,

tl_c data for the liquid phase must be replaced with data for the solid

pla._;e. This time the iteratio_l will cb,nverge to the correcL tempera-

%;i"o T_; ...... _ _ • next the Nnuro]o), has• C_,_±aez situaidon where the assigned e -_ k "

ti_e value s£ where s s < s2 < s Z. With only the liquid phase present,

the converged temperature is T Z. Since this temperature is lower than

the melti_ig point, this cannot be the correct answer. If the cal{'ulation

is z'cpcated_ this time using the data ror the solid phase_ the calcula-

t],,-n will converge to a temperat<_re T s. This again is no + the correct

a_'rswer since T s is g.reater than the melting point. Returr,.ing %o %he

liquid p]'..aseagain pruduces convergence to TZ, and the calculation, if

allowed to co:_tinue in this _aanner_ would oscillate between TZ and

T s. It is apparent (fig. i) that the correct temperature T m can only

%< <i)tained by a simultaneous consideration of both solid and liquid

p]=ases in the iterations.

The problem of oscillatory behavior can be eliminated by specifying

that .[n goi_ig from a consideration of liquid phase to consideration of a

stolid p}.ase tb._ intermediate situation of coexistence of solid and liquid

rot;st always be considered. This technique will always work. Take again

t]_: ,'<_s{ where the assigned e_rtropy is s I. After the temperature T[

w_s ,'<n_'_rged to, the solid and liquid phases would be considered simul-

ttn<ously. This time the converged temperature would be Tm, but the

mr_o_nt of liquid would be negative. Removing the liquid phase would then

pemu't _ mver<ence_C- to the correct temperatrore T's. For this type of a

s:tR_,ati_::_, such a "modus operandi" is <n_economical since it unnecessarily

r_,_ui±'es one extra solution of the equilibrit_n equations. A more eco-

_.,_[c:_l procedure w<)uld b(_ to req_[_re simultaneous co_sideration of solid

s::d liquid only in the regic:n of' oscillatory behavior indicated by the

cz'_ss i_atci-:in{i (fig. i). It can be see_ from fig_Jre 1 that oscillatory

behav:]<:r will <}cc_zr for a given entr<_py if either of these conditions is

s:_t_ si'ied

T m T,, -< T s - T_ (dSa)
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or

Ts - Tm < T s - T l ( ,fSb )

When the iteration converges to TZ, inequality (48a) is used to estimate

whether T s will be greater than Tm. When the iteration converges to

Ts, inequality (d810) is used to estimate whether TZ will be less than

Tm. An approximate relation between T s and T% can be obtained by

using the fact that the entropy difference between the temperatu_e T Z

on the P2P5 curve and the temperature T s on the PsP3 curve is zero.

The specific heats of the two equilibritun mixtures are (Cp)_ at T%

and (ep) at Ts, respectively, while the entropies at the points P2
s

and PS are sz and ss, respectively. Therefore, approximately

s(Ts) _ _(T_)+ (Cp)_
T S

Tm in -- (49a)
in_- (s_- ss) + (op) Tm

and, as a result_

T m
- in

s(T_)- s(%) : o _ s_ (Cp)_ T_
T m

_n (_gb)ss + (_p)

_e points P2 and PS differ only in the fact that at PZ all of the

condensed phase is liquid, while at PS all of the condensed phase is

solid. Let the molecular weight of the equilibrium mixture at Tm be

Mm and the combined mole fraction of solid and liquid in the equilib-

rium mixture be _n" If the heat of fusion per mole of condensed spe-

cies is AHm, then sZ and ss are related by the expression

_a_ (so)
s_ = ss + MmTm

Substituting this expression into equation ($gb) gives

Tm Tm
-'s_A_ in + (Cp) in : o (51)_T m (°p)_ _ s

At the temperature TZ, the quantities (Cp)s, _, and xs_l would be un-

known. If, however, the difference between T s and T_ is not too

large, then (Cp)s, _n, and _n can be approx_lated by their values at
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T_. U:!dkr these conditions, equation (SI) can be solved to give

(5s)

wkcre tile subscript _ indLca£es the quantiti<_s s.re to be evaluated at

T 7. Substitution in equation (68a) gives as the condition of no oscil-
u

lation

(55)

At a temperat_me Ts, a similar treatment gives the condition for no
oscJl!ation as:

[_ ]
Ts> L Ms(%)sTmJ

(s_)

w}_ere the subscript s indicates quantities are evaluated at Ts.

There is one disadvantage connected _ith the use of either inequal-

ity (SS) or ($4) in a computer progrmn{ that is, it requires the com-

putation of ZXH, H, Cp, and the mole fraction of the condensed species.

However, it is possible to use inequalities (SS) and ($4) to estimate

the width of the oscillatory region about Tm by using data in the vi-

ci_ity of Tm. Thus, for example, applying inequality (55) to data cor-

responding to Pc/P = 2.5 and inequality ($4) to data corresponding to

Pc/P : S.S of table X and using 2C. kilocalories as the heat of fusion

for AIEOs give Tm/T _ < 1.056_ and Tm/T s > 0.964. These data imply

that oscillation will not occur if Tm - T Z > 81 ° K and T s Tm > 87 ° K.

Using data for a few other typical systems indicated that a satisfactory

region would be i00 ° K on each side of Tm, and, therefore, this value was

i_:corpo±'ated into the progrmm. However, it is possible that a system

could be encountered where this interval is insufficient to prevent os-

c[l}at_on. For such a system the interval would have to be widened.

With the technique just described, if a liquid phase is being con-

sidered and the resulting temperature is below the melting point, two

possibilities exist. If the temperature is _aore than i00 ° K below the

melting point, the solid phase will replace the liquid phase and the

iteratio_ will be restarted. If the resulting temperature is less than

i00 ° K below the melting point, the solid will be included, the liquid

p]Lase retained, and the iteration restarted. After convergence with
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both phases considered, the resulting temperature will be the melting
point. The iteration is finished if the amounts of both phases are
positive. If_ however, the liquid phase is negative, it is removedand
the iteration is restarted. An analogous procedu1"eis followed if the
solid phase only is being considered and if the temperature is above the
melting point.

Accidental Singularities

A peculiar t_ge of singularity can occur in the equations for de-
termining the equilibrium conditions in a system with condensedproducts.
The conditions for its occurrence are so restrictive that it maybe
termed an accidental singularity. These conditions are:

(i) The state of the system must be specified by an assigned tem-
perature and presm_re.

(2) For an Z-element system (_ > i) there must be Z - I condensed
species.

(S) For _ > _ at least Z - i of the elements must appear in the
condensedspecies.

(4) For Z = 2_ both elements must appear in the oile condensed spe-
cies.

These conditions are sufficient, but not necessary_ to have the gaseous
composition completely determined by the equilibrium equations for the
condensedspecies and the pressure equation without recourse to the mass-
balance relations. This can most readily be seen by examining the itera-
tion equations (fig. i) for the two-element case. Whenthe aforemen-
tioned conditions are satisfied, the Z mass-balance equations serve
only to determine the mass variable A and the moles of the Z - i con-
densed species. If the gas compositions nj(j = i, 2_ ., m) are
kno_, the mass-balance equations

m+Z-i

_ aijnj -
j =m+l

m

o EbiA = - aiqn-"

j=l

(i = l, 2, ., z) (ss)

are a set of linear equations for the Z variables: A and

nj(j = m + i_ m + 14, ._ m + Z - i). The equations do not possess
a nontrivial solution if the determinant of the coefficient matrix

vanisk_es; that is_ if
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al pu+l al_m+8 at,m+% -i b_

a2 ,m+l az ,m+8 a2 ,m+_ -1 b_

_o

az _m+l az _m+_2 a_ _m+Z-i u_

= o

The determinant (eq. (56)) could vanish if the [Z X (_ - 1)] matrix of

aij's :_s of ra_,A less than _ - i. This case is excluded from consid-

eration. For the simple case _ : 2, equation (Si') reduces to

a_l_m+l _ b_ ($7)

a2,m+l b_

The significance of the criterion (eq. (56)) for the existence of a

s_ngulsrity can be seen _mmediately if it is realized that the determi-

nant will vanish when it is possible to find a linear combination of

the first _ - i columns, which will equal the last col_mu (in other

words when the overall composition can be expressed in terms of the con-

densed products alone).

It m_ist be _mphasized that this tyi0e of problem is singular only

i±' the thermodyns_nic state is specified by an assigned temperature and

press<_e, if the state is specified by an assigned pressure and either

an enthalpy or entropy, then a solution can be obtained because the gas

phase composition is no longer detel<mined exclusively by the equilibrium

constants for the condensed phase and the pressure equation. WTlile the

occurrence of such singularities is rare, they have been encountered.

One suck case is the stoichiometric l_thium-oxygen system. An important

product in'this system is the stoichJometric liquid Li20(Z). This satis-

fies (cq. ($7)) and hence corresponds to a singularity. Many other exam-

ples could be given, but this one example su±'ficie_tly illustrates the

point. Because these singularities are so rare, a routine for recogniz-

in S the situation and taking corrective meas<s'es was not incorporated

into the program.

Assigned Pressures Too Low

in an all gaseous system, a pressure can be assigned to the system

q_ite arbitrarily. However, in a system with condensed products, the

assigned pressure can no longer be specified with complete freedom. The

assigr_ed pressure must be greater than the sum of the vapor pressures of

the condensed species. The amount by which the assigned pressure must

exceed the Sl_l of the vapor press_res is determined by the partial pres-

sures of other species in the gaseous phase. Should too low a pressure
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be assigned, the iteration will not converge since this would require

that some of the partial pressures become negative. Because the correc-

tions are logarithmic, a negative partial pressure cannot be obtained.

Such a situation is ch_;_racterized by large and negative A in nj for

some ga.ses and small A in nj for a few of the gases. The gases with

small A in nj are the vapors of the condensed species and those gases

whose partial pressures can be expressed entirely in terms of equilibrium

const_mts and the vapor pressures of the condensed species. The correc-

tion A in A is also large and negative. Again, because of the rarity

of such a problem, no corrective measures have been incorporated into

the program. The correct answer can be obtained by repeating the calcu-

lation with fewer condensed species present or by assigning a higher

pressure.

THE COMPUTER PROGRAM

A computer program_ based on the equations presented in the previous

sections, was written for an IBM 704 computer with an 8K core, an 8K

drum, and eight tape handlers. A detailed listing of this program is

given in appendix C. The program has also been converted for use on

an i_{ 7090 computer with a 32K core and eight tape handlers. The

7090 program is given in appendix D.

The program can accommodate up to a iS-element system with 90 prod-

ucts of reaction and a maximum of 20 iteration equations. These limits

on the size of the system that can be accommodated are dictated pri-

marily by the IBM 704 core o_pacity. For the IBM 7090, the program can

be readily altered to handle a larger system. At present, the program

does not handle ionized species although provision has been made in

Subroutine SEARCH for future consideration of ionized species.

The computer program can handle any one of five different problems.

Each of these five calculations has been given an alphabetic code name

with some mnemonic significance. Thus, an H,S problem is a rocket-

performance calculation where the combustion is at an assigned enthalpy

and pressure_ this is followed by isentropic expansion, with composition

in chemical equilibrium, to various exit pressures. The exit points are

assigned in terms of pressure ratio Pc/P. A maximum of 25 pressure

ratios may be specified including combustion pressure ratio Pc/P = I

and throat pressure ratio. Since the program supplies its own estimate

for the throat pressure ratio_ a value of zero should be read in as the

throat pressure ratio. The T,S problem differs from the H,S problem

only in the fact that combustion is at an assigned temperature rather

than at an assigned enthalpy. Both the H,S and the T,S problems in-

clude calculations for frozen composition during isentropic expansion.

The T,P problem calculates equilibrium compositions for an assigned
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temperature and a series of up to E5 pressures. The P,T problem cal-
culates equilibrium compositions for an assigned pressure and a series
of temperat_res not exceeding RSin number. The DETNproblem deter-
mines Chapman-Jouguetdetonation properties for an assigned temperature
and pressure preceding the detonation rave.

If, for some reason, it is desired to terminate the problem before

the entire schedule of points has been completed, this can be done with

sense switch 6. When sense switch 6 is in the down position, the problem

will be continued for only one additional iteration for chemical composi-

tion. Intermediate output for this iteration will be written as well as

the data for all completed points.

Because of the limited amount of core storage that was available on

the IBM 704 computer, it was necessary to segment the problem into five

core-loads, each with its own main program and subroutines. The five

segments, or core-loads, are assumed to be available as five consecutive

records comprising the first file on tape unit two. At the Lewis Re-

search Center a computer monitoring system loads the core-loads onto

tape two. These core-loads are then brought into core storage from tape

two in any arbitrary sequence by the call statement CALL PONG (!) where

I = i, 2, ., S. A program for loading the core-loads onto tape two

will not be supplied since most computing centers will already have some

system for doing this operation. The subroutine for calling core-loads

also will not be supplied, and its function must be performed by an

analogous subroutine available at the respective computing centers. The

coding for the IBM 704 program is partially in FORTRAN !I and partially

in the pseudo-SAP of FORTRA_ ili.

The 7090 version of the program is essentially identical to the

"/04 version, except that because of the much larger core storage it was

unnecessary to segment the program. In the program for the 7090, the

main progrs_ for core-load one is the main program for the entire com-

puter program while the main programs for core-loads two, three, four_
_nd five _me subroutines. The elimination of program segmenting has the

dual effect of (i) appreciably decreasing the computation time because
of the elimination of a great deal of tape handling, and (Z) somewhat

simplifying the program. During the course of program conversion, all

FORTRAN Iii pseudo-SAP coding was eliminated to obtain a program written

exclusively in FORTRAN II. This was made possible because of the avail-

ability (at the Lewis Research Center) of four functions to perform

shifting operations. These f_mctions ALSF(N,X), ARSF(N,X), LLSF(N,X),

and LRSF(N,X) are compiled into the object program as open subroutines

and replace the machine language instructions ALS, ARS, LLS, and LRS, re-

spectively. The first argument N specifies the number of places that
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the second argument X is to be shifted. The subroutines are compiled
as:

CAL N

ARS 18

STA *+2

CAL X

(Appropriate shift instruction)

Either STO for non-Boolean statements

or SLW for Boolean statements

For non-Boolean statements N can be either a fixed-point variable or

a fixed point constant, while X can be either a fixed- or floating-

point unsubscripted variable or constant. For Boolean statements N

must be either a fixed-point variable or a Boolean constant whose last

six octal digits must be zeros (e.g., 6000000), while X must be a

floating-point unsubscripted variable or constant.

The description of the program in the following sections and in the

flow charts (figs. 2 to 9) will be confined to the IBM 704 version be-

cause the two programs are virtually identical. Since 80 card columns

of input are used_ input to both programs must be by means of an IBM

1401 or other card-to-tape equipment that will put all 80 card columns

on tape. Under certain circ_astances, the input may be through a card

reader; this will be discussed further in the section PROGRAM INPUT DATA.

The source program decks for either the IBM 704 or IBM 7090 will be

made available to computing centers if a written request is addressed to

the authors at the Lewis Research Center. The thermodynamic data of ap-

pendix B will be furnished for program checkout purposes if a written

request is made. The data will be supplied in the form of 26 word rec-

ords (see fig. 6) copied onto a tape furnished by the computing center

making the request. Because of continuous reevaluation of thermodynamic

data, the data in appendix B will differ somewhat from the data in cur-

rent use by the thermodynamics section for performance calculations.

Current data will be furnished, upon request, in the same form as the

data used for program checkout purposes.
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Core-Load One

Core-load one _'onsists of I%%IN PROGRAM Oh_ (fig. Z) and the three

S_broutincs INPUT, SEARCH, (fig. 6) and BYPASS (fig. 7). The principal

f_nct'or: of this core-load is to process input information. E%is por-

t-on <,f the progrmn (1) assembles thermodyna/riic data from the master

data tape, (8) dete_mines wkich species shall be used in the calcula-

tion, (S) determines which cf the five %$spes of problems is to be

worked, and (4) calculates the overall system composition from the

assio_ned value of any one of the three quantities: O/F, _F, or _%.

Subrcutine INPUT. - Subroutine INPUT processes th<_ input infor_:lation

<'_ the reactant cards, which contain the formulas or the fuels or oxi-

da!ts, their enthalpies_ and densities. From this i_Lformation the sub-

routine calculates the grs-m-atoms of each element per grmm of effective

f_i_-], t]!e green-atoms of _ach element per gram of effective {oxidant, and

the corresponding enthalpies (see eqs. (_ll) and (2S)). In addition to

th<. varieus gra/n-atoms and ontiialpies per 6r_m, the positive and negative

oxidati<ul states per grs:_l are "ilso calculated (see eqs. (26) to (Z$)).

Th,_ densities of the effective fuel and oxidant are calculated by

SL_broutine INPUT except in the case of a detonation problem. For deto-

nation: problems_ the specific heats of' the reactants must be read into

t,h_- computer in place of the densities. These are used to calculate

(Cp)_,_ wi-ich in tua'n is used in the evaluation of detonation tier!retires

wi:2"_ rosp_ct to T 1 (see table VE).

In order for SuVroutine INPUT to perform the aforementioned calcu-

lations_ a table of symbols_ atomic weights_ and oxidation states for

t!u_, chemical elements _s needed. This table is read into storage by

c,':,liing l_'e Subroutine _,CREAD(A_B), which reads a set of absolute binary

_'a:'ds into ATOM(I,J). The element symbols arc in ATOM(I,I), the atomic

wok_nt'j_ b_ al'< in ATOM(I,2), and the oxidation states are in ATOH(I,S).

no<, tile index l can range from 1 to lOS, there is space for lOS: dif-

f_ :u _..t <-}pmical elements. T]:e symbols for the chemical elements must be

i_L bin%ry coded decimal and lefl-adjusted (e.g., ALO000, HbO000), while

ti,.e &tonic weights and oxidation states must be floating point-numbers.

The axidation states are those which coT-respond to the most co_,mnon oxi-

d:_%i,,n s<stes of the elements (e.g._ altm_in_, +S.O; sulfur_ +4.0;

c:{Acr_ne, -i.0). Subroutine BCREAiD is a part of the computer system at

tl_e Lewis Research Center and is not given in this report. Any sulorou-

i,[_e or sequence of statements that will read the element data into

ATOM(I,J) c_,n be s_bstitubed for subrouti:i<, BCRE_<D. The element data

[_ ATOM(I_J) are consid<red constants of the pr<>gr_mu rather than input

,_i,: _,:_ (s,.:'c sccti on PROG_P$_ INPUT DATA), inasmuch as i;}_<<y are constant f,:_r
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Subroutine SEARCH. - Subroutine SEARCH selects the thermodynamic

data to be used in the problem. A scan is made of the master thermody-

namic data tape; those species that are consistent with the chemical

system under consideration are selected. These are written as a separate

file on the master data tape. As the thermodynamic data are being se-

lected, the subroutine also compiles a set of formula n_nbers aij from
the formulas of the reaction products.

Subroutine BYPASS. - Subroutine BYPASS interrogates or alters any

one of 90 bit positions in one of the three words PROD(I), PROD(Z), or

PROD(S). Each bit position is associated with a particular reaction

product. A reaction product is considered in the calculation only if

its corresponding bit position is zero. The first argument (J) of the

subroutine specifies a particular bit position, while the second (IARG)

determines the function to be performed by the subroutine. If IARG =i,

BYPASS interrogates bit position J, setting IPROD to Z if the bit is 0

or setting IPROD to i if it is nonzero. When IARG = Z, BYPASS changes

the appropriate bit from a 0 to a i, while for iARG = S BYPASS changes
alto O.

Core-Load Two

MAIN PROGRAM TWO (fig. S) and the Subroutines BYPASS (fig. 7),

MATRIX (fig. 8), and GAUSS (fig. 9) comprise core-load two. All computa-

tions of the equilibrium compositions of complex mixtures are performed

in this core-load. In addition, for H,S and T,S problems, this core-

load also calculates equilibrium rocket performance parameters.

Subroutine BYPASS. - Subroutine BYPASS is described under core-load

one.

Subroutine MATRIX. - Subroutine MATRiX's sole function is the con-

struction of the iteration equations (see table I) appropriate to the

current problem.

Subroutine GAUSS. - Subroutine GAUSS is used to solve the set of

simultaneous, linear iteration equations constructed by Subroutine

MATRIX. The solution is effected by performing a Gauss reduction using

a modified pivot technique. In this modified pivot technique only rows

are interchanged. The row to be used for the elimination of a variable

is selected on the basis that the largest of its elements, after division

by the leading element, must be smaller than the largest element of the

other rows after division by their leading elements.

An iterative feature has been incorporated into Subroutine GAUSS.

A correction to the solution is obtained by replacing the right-hand

side of the equation by the residuals, that is, by the difference between
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the right-hand side and the value of the right-hand side as calculated
from the solution. This set of equations is now re-solved for correc-
tions to the previous solution. Iteration is continued ui_il no further
improvement in the solution is possible or for a maximumof four itera-
tions. The criterion for improvementof a solution is the decrease of
a test function defined to be the sumof the magnitudes of the fractional
residuals for those equations whoseright-hand sides are greater than i
in magnitude plus the s_n of the magnitudes of the residuals of the re-
maining equations.

Core-Load Three

The evaluation of rocket performance parameters for isentropic ex-
pansion with composition frozen at the equilibrium composition in the
combustion chamber is done in MAINPROGRAMTHREE(fig. _). There are
no subroutines for this core load.

Core-Load Four

Core-load four does the calculations required to obtain Chapman-
Jouguet detonation properties and prints the results in a suitable
fo_n. A flow chart for MAINPROGRAMFOURis given in figure S. Flow
charts for the Subroutines OUT,COMP,ONCE,and SPECare not given
since these only print the answers in a convenient form.

Core-Load Five

The last core-load is an output program; that is_ it merely takes
the results of calculations for H_S; T_S; T_P; and P_T problems and
prints them in a convenient form. No flow chart is given for this pro-
gram.

PROGRAMINPUTDATA

A numberof options are available in the program. These options
include the following:

(i) Selection of any of five types of problems

(2) Omission of any gaseous reaction product

(S) Initial consideration of any condensedreaction product

Becauseof these options, the input to the program, although simple and
straightforward, is larger than it need be for a less flexible program.
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In addition to blank cards, five types of input cards are neededto
supply all of the required information to the program (see discussion
of element data in section Subroutine INPUT). These five types of cards
are given in the appropriate order in table VIII. Blank cards are used
after each input card type whosenumber is variable. Upon encountering
a blank card the program will terminate the reading of one card type and
will begin reading the next card type in the input sequence. A descrip-
tion of the nonblank cards is given below.

Reactant Cards

Table IX gives three sets of reactant cards. The first set corre-
sponds to a typical solid propellant, the second is typical of the set
of reactants for a liquid or gaseous propellant, and the third is a
typical set for a detonation calculation. In particular, these three
sets of reactant cards are those used in the calculations of tables X
to XV.

The format selected for these cards wasbased on ease of specifying
the reactants for either gaseous, liquid, or solid propellants. For
liquid or gaseouspropellants the reactants are generally categorized as
fuels or oxidants. _ F keypunchedinto column 72 indicates that the
substance is a fuel, while an 0 signifies a_toxidant. Whenmore than
one fuel is used_ the program combines the fuels into an effective fuel
if the relative weight of each fuel is given in columns 4_ to 53 (a dec-
imal point must be given). If only one fuel is used, then any number
(with a decimal point) may be placed into columns dGto !5S. A similar
description covers the case where the propellant contains one or more
oxidants.

For solid propellants_ the reactants are usually not labeled as
either fuels or oxidants. The composition of the solid propellant is
normally given in terms of the relative weights of each ingredient.
However, for input purposes each ingredient of a solid propellant is
designated as a fuel (i.e., F in column 72). Since all ingredients are
considered as componentsof a fuel, lO0-percent fuel must be specified
on the mixture card (see below).

The chemical formula for the reactant appears in columns i to 45
and may contain up to five different chemical elements per reactant.
Each chemical symbol is allowed two columns (left-adjusted for a one-
symbol element). Each formula number is allowed up to six figures plus
a decimal point. The decimal point is required even for integers.

The state of the reactants (S_ L, or G in col_mn 63) and their tem-
perature (columns 64 to 71) are for information purposes only. They may
be omitted if desired since this information is not required by the pro-
gram. The enthalpies of the reactants are given in columns 54 to G2,
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which supply enough space for eight digits and a decimal point if the
numberis positive or seven digits, a sign, and a decimal point if the
number is negative. The enthalpy values must be consistent with the
enthalpy base selected for the thermodynamicdata (see the discussion
in the section ThermodynamicData). These enthalpies are used in equa-
tion (23) to calculate hx and hf, which are then used in equation (24)
to calculate assigned enthalpies for H,S problems. For the H,S; T,S;
T,P; and P,T type problems, columns 73 to 80 are reserved for the densi-
ties of the reactants. Spacehas been provided for seven digits and a
decimal point. If the densities of all reactants are given, the density
of the propellant mixture will be calculated; otherwise the propellant
density is printed as zero in the output. For a DETNtype problem, col-
umns73 to 80 must contain the heat capacity at constant pressure for
the reactant.

If an on-line card reader is used to read the input data instead of
an IBM 1401, the contents of columns 73 to 80 will not be read. For the
H,S; T,S; P,T; and T,P problems, all calculations will be unaffected
(and a value of zero will be printed on the output format for the density
of the unreacted mixture). For the DETNproblem_ all answerswill be
correct except for detonation derivatives with respect to TI and the
following functions of the unreacted mixture: isentropic exponent, sonic

velocity, and Mach number of the detonation wave.

Omit-lnsert Cards

Subroutine SEARCH_ previously described, selects from the master

thermodynamic tape all species that are consistent with a given chemical

system. In the absence of prior information the program makes the ini-

tial assumption that all the selected gaseous species may exist in appre-

ciable concentrations and that condensed species will not be present, at

least for the equilibrium conditions corresponding to the first point.

When the iteration converges, the latter assumption is checked and_ if

necessary, corrected automatically.

Omit-lnsert cards serve two different purposes depending on whether

the formula for a gaseous or condensed species appears on the card. If

the formula for a gaseous species is on the card, that species will not

be considered by the program for all assigned conditions. This permits

the omission of any gaseous species from the calculation without the

necessity of remaking the master thermodynamic data tape. The omission

of one or more gaseous species may be desired in order to determine the

resulting effect on composition or other properties of the system. The

omission of gaseous species may sometimes also be desired in order to

reduce calculating time. (This assumes some "a priori" knowledge of

which species may be omitted without affecting the results to the de-

sired number of significant figures.) If the formula for a condensed

species is on the Omit-lnsert card, the program will initially consider
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this species to be present at the assigned conditions corresponding to
the first point. After convergence, this assumption is checked automat-
ically and corrected if necessary. In contrast to gaseous species_ a
condensedspecies can be omitted from consideration by the program only
by removing it from the master thermodynamictape.

The namesof up to four species can appear on each Omit-lnsert card
in columns i to 12, 16 to 27, 31 to 42_ and 46 to 57. The namesmust be
keypunched exactly as they appear on the master thermodynamictape (ap-
pendix B).

Problem Cards

These cards are used to specify which one of the five problems is
to be worked (H,S; T,S; P,T; T,P; or DETN)and also to assign an identi-
fying case numberto the problem. Columnsi to 4 contain the alphabetic
designation for the problem beginning in column i. The assigned case
number is a set of five digits keypunched into columns 6 to i0. This
case numberappears on the output listing.

Schedule Cards

Every type of problem except DETNrequires a schedule of points to
be calculated. For the DETNproblem the schedule cards and the blank
card that follows them must be omitted while the other input cards re-
main as before. The schedule for the other four problems must not ex-
ceed 25 points. For the H,S and T,S problems the schedule of points is
a series of pressure ratios Pc/P. The first pressure ratio (combustion
chamber)must be unity; the second, corresponding to throat, is left
blank; and all others are optional. For the T,P problem, the schedule
is a series of 28 or less assigned pressures in atmospheres. For the
P,T problem the schedule is a series of 25 or less assigned temperatures
in OK.

Each schedule card contains as manyas five assigned values in col-
umns i to i0, IX to 20, 21 to 30, 31 to 40, and 41 to 50. Thus there is
enough space for nine digits and the required decimal point for each as-
signed value.

Mixture Cards

The mixture card is used to specify the relative amounts of the ef-
fective fuel and oxidant and to provide either initial estimates or as-
signed values for pressure and temperature. In addition, the mixture
card permits two options. The first option permits intermediate output
to be printed for each composition iteration if an integer is keypunched
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in column 72. The intermediate output is described in the section
INTERMEDIATEOUTPUT.The second option maybe used only in the DETN
problem. If the code columns (i.e., columns 51 to $5) are left blank,
the sonic velocity of the burned gas is calculated by use of y; if they
are nonblank (any integer with no decimal point), then the sonic veloc-
ity is calculated from K, the ratio of equilibrium specific heats.

The relative amount of fuel and oxidant is specified by any one of

the three quantities _, O/F, or _F; the card columns corresponding to

the remaining two are left blank. Columns i to i0_ ii to 20, and 21 to

30 are for _, 0/F, _F, respectively. In each case, there is sufficient

space for nine digits plus a required decimal point. Columns 31 to 60

and 41 to 60 provide space for a pressure and temperature, respectively.

The purpose of the pressure and temperature differs from problem to

problem. For the H,S problem the pressure in pounds per square inch ab-

solute is the assigned combustion pressure, while the temperature in OK

is the estimate for combustion temperature. For this problem the tem-

perature is optional. If the temperature is left blank, the program

automatically uses a temperature estimate approximately equal to 3800 ° K.

For a T,S problem, the pressure in pounds per square inch absolute is the

combustion pressure and the temperature in OK is taken to be the combus-

tion temperature. For the T,P problem the pressure is ignored by the

program, while the temperature in OK is the assigned temperature for the

series of pressures read in on the schedule card. For the P,T problem

the pressure in atmospheres is the assigned pressure for the series of

temperatures read in on the schedule card, while the temperature on the

mixture card is ignored. In the DETN problem, the pressure in atmos-

pheres and the temperature in OK correspond to the pressure and tempera-

ture preceding the detonation wave.

PROGRAM OUTPUT

Tables X to XIII are examples of the final output for three types

of problems. Tables X and XI are the output of an H,S problem for a

solid propellant. Table XII is the output of a P,T problem for stoichio-

metric hydrogen-air. Table XIII is the output of a Chapman-Jouguet de-

tonation calculation (DETN) for stoichiometric hydrogen-oxygen.

The three tables are almost completely self-explanatory; however,

the symbols for some quantities are somewhat different than those used

in the text. The reason for this is that the IBM printer does not con-

tain characters such as lower-case letters, Greek letters, subscripts,
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or superscripts. The following examples illustrate the differences:

(DLI/DLPC)PC/P = (_ in I/_ in Pc)Pc/P, h c

(DLCS/DHC)PC/P = (_ in c*/_hc)Pc/P , Pc

(DLAR/DLPCP)S = (_ in e/_ in Pc/P)s

During the calculation of the data of table X, the program consid-

ered the possible occurrence of ii condensed species (counting solid and

liquid phases of the same species separately). Of these ii only four

appeared in nonzero amounts, namely, MgO(s), MgOls(s), A1205(s), and

AI205(Z ). Of these four species, only AIsOs(Z ) was keypunched into an

Omit-lnsert card for initial consideration by the progr_n; the other

three species were put into the calculation, at the appropriate time,

by the program. Furthermore, MgO(s) and A1203(_ ) were removed from the

calculation based on decisions made by the program. Points four, five,

and six of table X illustrate the typical behavior when two condensed

forms of the same species coexist. In this example, the coexisting spe-

cies are AI205(Z) and A1203(s ) and the temperature for these points is

the melting point of A1205(s ). For these same three points, the molec-

ular weight derivatives appear as zero. The reason for this is that the

equations of tables ii and I!I are singular for the coexistence of two

forms of the same condensed species. This prevents the calculation of

the molecular weight derivatives and the heat capacity at constant pres-

sure. However, for the purpose of calculating a velocity of sound it

was felt desirable to calculate a frozen heat capacity at constant pres-

sure, which could then be used to calculate a frozen isentropic exponent.

As a final point, it should be noted that the program lists separately

those species that were considered in the calculation but which were

only present in trace amounts and those species that were intentionally

omitted from the calculation because their formulas were keypunched on

Omit-lnsert cards.

In table X! only four points a_e listed although the same points

that were calculated in the equilibrium calculation of table X were

specified in the frozen calculations. The reason for this is that in

the frozen program the calculation is terminated when a sufficiently

low temperature is reached so that a species, present at combustion_ no

longer has thermodynamic data at this temperature. In table X! the spe-

cies AI205(Z ) has data only to the melting temperature 2517 ° K. Since

the program permits extrapolations for 20° beyond the end point_ the

program considers that data for A1205(_ ) exist to 2297 ° K. The pres-

ence of the last point at a temperature of 2270 ° K can be accounted for

because the program permits completion of the calculation for the first

point past the 20° extrapolation limit.
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The program can list the reactant input data in one of two format
types. The first of these is used whenat least one of the reactants
has a noninteger formula number. This type is illustrated in tables X_
XI, and XII. The second format is reserved for those systems where all
formula numbersare integers. This is illustrated in table )(Ill.

The preliminary output (table XIV) is written primarily to provide
information as to what problem the program is working in the event no
final output is obtained. The last line of table XIV is printed during
frozen expansion in the event that the exit temperature is below the
temperature range of a species (see discussion of table XI).

INTERMEDIATEOUTPUT

Many safety features have been incorporated into the program that
will prevent the calculation from becoming divergent. However_it was
not possible to include corrective measuresfor two situations. The
first is the problem of poorly conditioned iteration equations whose
solution results in excessive fractional residuals (_O.5×i0-4). The
second is the problem of singular iteration equations. In these two
situations the program returns to the first iteration for the initial
point and begins iterating_ this time printing intermediate output to
assist in debugging. Table XV is the debug output from the solid pro-
pellant calculations shownin tables X and XI. This output was obtained
by the method described in the section Mixture Cards_ rather than result-
ing from either of the two situations Just discussed.

All of the legends that appear on the right-hand side of table XV(a)
are not written by the program. Similarly the headings in table XV(b)
have also been typed. In table XV(a) the first line gives the case num-
ber assigned to the problem and the type of problem; the second line
gives 0/F, _F, _, and Pe_ the third and fourth lines give the enthalpy
per gram of propellant hO and the gram-atoms of the elements per gram

o which for this problem are b_, b_, bO b_, b° b°of propellant bi, CI' C, S
b_ and bMg.° The next 22 _ines are the iteration equations correspond-
ing to table I. For someproblems each iteration equation requires only
one line. However, for this example, each equation of table I requires
two lines. The first 16 of these 22 lines correspond to eight reduced
mass-balance equations for the eight elements in this problem which have
been taken in the following order: nitrogen (N), hydrogen (H), chlorine
(CI), oxygen (0), carbon (C), sulfur (S), aluminum (AI), and magnesium
(Mg). The next two lines are for AI203(Z). The last four lines are for
the pressure and enthalpy equations. For this problem, the coefficients
of _ in Uk, _AI203(Z) , -_ in A, _ in T, and the right-hand side of
each equation are given by the eight columns of line one and the first
four columns of line two for each pair of lines. The fifth column of
line two gives the fractional residuals for that equation (see discus-
sion of fractional residuals in the section on Subroutine GAUSS).
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In table XV(a) following the set of iteration equations are two
lines which give the solution to the preceding set of iteration equa-
tions. The next line gives the current value of T, P, A, and h. The
remaining 81 lines give the formulas, hi, in ni, A in ni (or Lkui for

condensed species), _i and _i for each of the 81 species. The word

0MIT preceding the formula for a species indicates that this product is

not considered as a product of reaction for this problem. It may be

noted that the initial estimate is I atmosphere for each gaseous species

and zero moles for each condensed species. A zero in the Z_ni column

for a condensed reaction product indicates that this species is not being

considered during the iteration. It should also be noted that the cor-

rection to A1203(_ ) is negative, and, therefore, AI203(Z) will be present

in negative amount during the second iteration although when the itera-

tion converges it will be positive. This indicates the inadvisability

of checking the condensed species at each stage of the iteration. A

final point to note is that h for this iteration was determined by the

species C0(g).

The previous sequence of lines is printed for each iteration. When

the iteration converges, the answers are printed as shown in table XV(b).

This set of answers corresponds to the throat pressure ratio

Pc/P = 1.777 of the data of table VIII.

Lewis Research Center

National Aeronautics and Space Administration

Cleveland, Ohio, June 26, 1962
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A

A/w

(i)t

IJ

al' c'2_

bi

b?
I

CF

<}\

(co;.

• _ ay

SYMBOLS

total mass reactant

nozzle area per unit mass-flow rate

area per unit mass-flow rate at n<_zzle throat

formula m_bers giving grsm-atoms of ith element in

jth species

formula n_nbers of oxidants and fuels giving gram-

atoms of ith element in jth oxidant and fuel_ re-

spectively

constants in empirical equations for thermodyn_Jmie
data

grin-atoms of ith element per unit mass of mixture,

1 n

E aijnj

j=l

o
bi - b i

assigned value for gr_m-atoms of ith element per

unit mass of reactant

gr_m-atoms of ith element per grin of effective

oxidant or effective fuel

tl_ust coefficient

heat capacity .... jth'_ species at constant pressure

L = L---s-MJp

per p_essur_ forheao capacity mc_le st .... _ ._-_ jth

(c_)j
species _'_ _ __Ig_ae_ %y gas constant,

R



Cp

(Cp)f

(Cp) ,(Cp)s

c V

_F

J

gc

(H )j

h

h
c

heat capacity of reaction products at constant pressure

per unit mass

frozen heat capacity of the unreacted mixture at constant

pressure per unit mass evaluated at TI

heat capacity of reaction products at constant pressure

per unit mass evaluated at T Z and Ts, respectively

heat capacity of reaction products at constant volume per
unit mass

characteristic velocity

standard-state free energy per mole of jth species,

weight or mass percent fuel

free energy per mole of jth species divided by RT,

(FT)Ao + in nj (j = i, 2 . m) and
RT ' '

RT
(j = m + i, m + 2, ., n)

gravitational conversion factor,

32.174 (ib mass/ib force)(ft/sec 2)

heat of fusion per mole of condensed species

enthalpy per mole of jth species

enthalpy per mole of jth species divided by RT, RT

enthalpy of reaction products per unit mass of reactant,

n

i

Z_ (H_)jnj

j=l

combustion enthalpy of reaction products per unit mass of
reactant
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h0

hI

h*

h

ah

ho

Ivac

M

M c

x f
M i ,Mi

M_ ,Mm,M s

M I

J

m

n

nj

01F

P

_P

Pc

assigned enthalpy per unit mass of reactant

enthalpy per unit mass of reactant before detonation wave

throat iteration parameter, h + yR___T
2M

enthalpy of reaction products per unit mass of reactant

divided by RT, h/RT

 o-h

assigned enthalpy per unit mass of reactant divided by

RT, ho/RT

specific impulse with ambient and exit pressures equal,

(ib force)(sec)/ib mass

specific impulse into vacuum (ambient pressure equal to zero),

(ib force)(sec)/ib mass

number of different chemical elements

molecular weight, A/P

combustion-chamber molecular weight

formula weights of ith oxidant and ith fuel

molecular weight at T_, Tm, and Ts, respectively

molecular weight of gas before detonation wave

Mach number, U/U s

number of gaseous reaction products

total number of reaction products

moles of jth species

oxidant-to-fuel weight or mass ratio

static pressure, atm

PO - P

combustion pressure, arm
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PO

PI

Pj

R

r

rik

_f

o

Jf

_°

J

assigned static pressure, arm

pressure before detonation wave, atm

partial pressure of jth species, atm

universal gas constant, i. 98726 cal/(mole) (OK)

eq_iva_e=oeratio,-IV_+ (O/F)_I/IV_+ (O/F)_]

density ratio across a shock_ P/Pl

m

= rki = _ aijakjnj

j=l

entropy per mole of jth species in standard state

x i --7-- - x i in x i + in -_- xi

i=i i=I i=i

entropy per mole of jth species divided by

(s_lj
R in nj (J = i, 2,

(S_)jn (j = m + i, m + 2, n)
R "_

., m) and

s

s c

Sz,S s

entropy per unit mass of reactant

combustion entropy per unit mass of reactant

entropy per unit mass of reactant at TZ and Ts, respectively
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so

d0

T

T
C

Tz_Tm_T s

TI

U

U D

U s

A in uk

+ -

V._V.
1 1

W x W f
i' i

W

X.

J

xz,Xm,X s

assigned entropy per unit mass of reactant (taken to be equal

to sc)

entropy per unit mass of reactant divided by R,

n
s i

R - _ E _jnj

j=l

d 0 -

assigned entropy per unit mass of reactant divided by R,

so/R

absolute temperature

combustion chamber temperature

equilibrium temperature for assigned entropy and pressure

where condensed species is all liquid, mixture of liquid

and solid, or all solid, respectively

absolute temperature before detonation wave

flow velocity

detonation velocity

sound velocity, _(_P/$P)s

kth component of solution vector of iteration equations in

table I where k = 15 2, ._

positive and negative oxidation states of an element in its

commonly occurring compounds

weight of ith oxidant or ith fuel

mass-flow rate_ ib mass/sec

mole fraction of jth species in mixture

mole fraction of condensed species at TZ, Tm, and Ts,
respectively

%
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T

¥c

6

K

A

kl,h2

isentropic exponent, (b in P/b in P)s

isentropic exponent in combustion chamber

area ratio

Cp/Cv

any parameter

empirical parameter (0 < _ ! i) used to control size of correc-

tions during iteration, defined in eq. (42)

convergence parameters defined in eqs. (40) and (41), respec-

tively

p density
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APPENDIX B

THERMODYNAMIC DATA

Formula

First tempera-

tsre interval

Second temper-

ature _n_erval

T_perature r_nge for

which da_a exlatl

a 1 a_ a 5 a 4 a 5 e 6 a 7 {

J_ a 2 a_ a 4 B 5 _6 a_

ALIiU_ _U_.eU 50UO.OU

_uu. _uoo. o. o, o. u. u. o. o.

_J,,_. _uuu. o. o. o. _. u. o. o.

i_,u. _oo_. i._o_, ¸, uo I._,L LJ_ -u._s_21L-ol _.oi4zl_-io t.lZg_llL-IS _._81_?_ O_ _._S_ZTO_ O0

_oo. luo_. -o. -o. -o. -u. -o. o. -o.

oLl_J luo.oo _o.oo

_iuLll_t _00.00 _000,00
it oo. _oc. 1.095611_6L O0 4.9757_01L-_4 1.906_02_L-01 l.lbllblOl-li -2._41_19_-15 I.t307_4_ O* i.gl_liW_e O0

_00. IUOU+ J._i_JdL UO i.i4iO_Zic-_2 -i._Z41_O_L-O_ l.ltu_bll_-08 -1.1_215_L-12 -l.l_l]_ll_ O| 9.tZ*_g53E OO

_z_s_u_ _uu.uu _ooe.uu

_u. _ou. J.LZll_$_t oo Z.7_Ot_[-02 -_._21_SlO{-O_ d. Jl_z4/Oc-O_ -_._Oi,lS_-i2 -$.0_1_C O| 1.156t869l Oi

_.biiul IO_.OU looo.u_

_i_ 11_1 _o_.ou $ooo,_o

i_o_. _ue_, _.9IXZOOW_ O0 3.)d_i_dL-_ 1.4t!8_8tL-06 l./_71i*_-iO -l._)72_{-il -1._84116Lf 05 -L.OeIT64S_ Ol

_tiluLi_i tO0.UO _000.00

_ud. iuu_. t.l_l$ii)_ do I.O_20Z_tL-02 -l.lOl#]Zi_-O_ /._ilt-Ot -i.llS_Oli_-ll -t,OI_t_SB_ Ol l.llOllO6l Ol
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4B

_A_O_NlCS) -0 _6_.00 _92.30
L_O0. _000o . -o, -o. -u. -o. -o. -o.

Joo. l_o_. _._*_oJt ol -o. -o. -u. -o. -5.4_0_o95E o4 -_.I2TO54ZE OL
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5O
APPENDIX C

PROGRAM LISTING FOR IBM 704

c _A*N PROGRAM ONE

C

C

C O_l.mN C

EOU IVALENCE (G(I). C(l)). (GI_Z(]] * C(L20) I

EOU]VALENCE _FORNfl ). C(1)1. _FORM(I_I j ¢[1_1J
EOUlVALE_CE (EL_1_I). C(16))o (ELMT(I_). CI_OII

£OU IVALENCE _DATA(1 ). C_31)_. (DATA(23). C1_3)_

EOUlVALENCE _A(II. C(421)). (A(1350). C{t77011
EOUlYALENCE (COEFT_I). ((421)). (COEF r(1_50) .¢117701 )

EOUlVALENCE {ANS¢I). C_421_). _N5(4_4_. C{aT_l

EOUlVAL£NCE (HSUM. ((424}), _SSUM. C_2_1

EOUlVALENCE _tdTMOL. C_426_). (CP. CI4Z71

EC)U IVALENEE (DLNPT. ¢(42a_. (OLMTP. C1_291

EOUIVALENCE (GAMNA. C(430_. _ARATIOD C_]l

EOUIVALENCE ¢_ ETA. C(44_)

EOUIVALENCE _ETA I_ C(_46)). (EP _TA. ¢_71

EOUIVALENCE _BO_. C_1771_1. _BOXl 1_1 _ C{]Te_))

EOUlVALENCE (80F(_)° CI 1786)1. _BOFI _o ¢_]eO0))

EOUIVALE_CE _HX. (_laO1)_. (HF. C{ISO_))

EOUlVALE_C_ (VFPL$. C(laO_))p _VFMIN. C{ 1506) )

EOUIVALF_C_ _X_I)o C(2221)_. (XlZO_. ¢(2Z_0) )
EOUlVALE_CE _O_MLA_I_. C_ZZZI_. _FOR_LAItSIoC_22_B_)

E_UIVALE_CE (OELT_I_. C_22_1_). _OELTAI_O}* C(_Z60))

EOUlVALE_CE _POo C_2_76)). _HSUSO. C_277) )

EOUlVALE_CE (SO. C_2_8_. _r L_. CEZ279_)

EOUIWL£NCE _. C(_Z_O)_. (AA¥ LN. Cl2_Sl))

EOUIVALENCE _A_ C(2282)_ (CPSUM. C[228_)

EOU_V_LE_CE _HC° C_ 22_] qTC L_, C(22_))

EOUIVALE_CE (PC. CqZ_)_ fTC, Cr_

£OUIV_LE_CE ( IPRO_. C_2_16)_ IIFIXT. C(2_17_)

EOUIVALE_CE _. C_Z3_7)J (M1. ¢(2_2_)

EOUIWLE_CE ([TAPE. C_8)_ {P+ ¢_2_9_)

C

C

C

T _LF ToS

S P T ALF P.T

$ T P _LF T.P

S OET ALF DET_
E_O ALF END

$ BL_ ALF 00000

_OMI_ ALF O_lT

S _ ALF
C

¢ CONVERT BST TO BS_ I_$TRUCTION$ _T "_OP]_7._Io_96o_OO._.Z29
C

S 39e CAL*390

$TP_96

$ STP*600

$TP_Z2_

S $TP_2Z9
C

• REAO IN INPUT DAT_

C

_O0 READ _U_ _,_._S_S

40_ READ TAPE _,_G_I_.Z=l°23_I)

IF ISEN_E $W_TO_ _) 6_1_719
_01 I S'f$=99

IFROZ=O

PAUSE 11t]1

[ORU_=Z
LDRU_=_

ITAPE=_

4Z9 CALL IN_=JJT

'_ _R]TE OUTPUT TA_E 6_43. HX,VXPL$.VX_IN._F.VF_L_.VF_I_

t+ (£LMT( I ).BOX( _ _,BOF(I). I-I.L_

4_ _ORMAT I]OHIOXlt)A_T 3EI6.6/lOH FU£L 3£Z6o6/_lH _6.2E_0.811
C

R_GHT ADJUST ELEmEnT $Y_.BOL5
C

DO _4T _'I.L

0001

0002

0003

000_

0005
0OO6

0OO7
O00e

0OO9

0010

0011
0012

0013

001_'

0016
0017

001_

0019

OOZO

0021

002_

0026

OO27

OOZa

OO3O

00_1

00_0

00_

00_
00_0

00_I

00_7

00_9

0060

O06]
OO62

006_

006_

OO66
OO67

OO68

0O69

OO7O

007_

007_
OO76

0077

0078

OO79
OOBO

OOB]

O08Z

OOB3
OOe4

OOB_

OO86

OOe7

OOS9

OO9O

0091

0O92

009_
009_

009_

0096

O097

0O99

0_00

010_
0102

0_03

0107

0110

0121

O1]Z

011=,

01_6

0111

0_18

0_19
01ZO
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0121
O12Z

0123

0124

0_25

0126

0127

0128

0129

0130

01_2

Ol_

01_4

0136

Ol_

Ol_a

0139

01_0

01_i

0142

01_3

Ol_

Ol_

01_6

01_7

01_8

01_9

OLeO

01_i

0152

01_3

01_4

01_6

Ol_?

01_8

0160

0161

0162

0163

0164

016_

0166

016_

Ol6a

0169

0170

017_

0173

0174

017_

0176

0177

OlTa

0179

Oleo

Olal

018_

Ola_

Ol_

018_

01_6

01_

0188

01_9

0190

Olgl

019_

0193

0194

019_

0196

019_

0198

0199

020_

0201

020_

O2O4

O205

02O6

0_07

020_

0209

0210

021_

021_

0214

021_

0216

0217

0219

0221

O222

02_3

022_

02_5

O226

O227

022a

022_

02_0

0231

0_

02_5

O236

O237

O238

02_9
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S 199 STO PgO0<31
S LLS ?0.(M)

S STO PRO0(2_

GO TO 201

S 2OO LLS _O_.(M_
S STO PRO0(_)

ZO1 IO-L

]_l"IQ+l
IO2+IO1+1

IQ_-I_2÷Z

LI-IQI
M1-M*I

C

C DETERMINE WHICH GASEOUS $PEC[ES SHOULD BE OMITTE_ FROM _F PROBLEM

C A_O WHICH CONDE_SEC SPECIES $_OULD BE _SED 1_ THE FIRST [TERAT[O_
C

203 READ INPUT TAPE 7,20_+{DAT_IhI_,B_

S 20_ C_L _T

ANA OATA<IJ
S TZE_220

CO ?O8 I'_

S C_L C_FTII,J_

S CO_

S A_ _ATA(K_}

5 TNZ_Zl_

Z08 CONTINUE

_09 C_LL BYPASS [J,_

GO TO 21_

210 C_LL eYPASS (J,_

GO TO 21_
Zll COnTinUE

Z13 CONTINUE

GO TO ZO_

CALL _YPASS {J°l_

S Z_! CL_ O_IT

S SI0 COEFT(I,J_

222 CONTINUE

REWINC
S 22_ BS_

S NOP

S RTB 4

REA_ TAPE _, _{COEFT{_,J_,_=I,I_),J-I,90_
22_ WRITE rAP_ _, I_COEFT_K,_,K-I,I_.J=I,9_

REWINO

S 2_9 BST
S NOP

C

• RRANGE A_SWE_ REGIO_

l-!
DO 6O2 J°l,N

COEFTtlI-COEFT<I,J)

COEFT{I+I_.COEFT_J)

COEFTII+2_=COEFT(3,J}

COEFT{I÷_.0°O

COEFT{I_-CO_FT(K_

_=K-I

607 DO 6O9 _-1,_

WRITE _R'JM KORU_,I_7_,ANS
R_WIND 2

REA_ T_PE 2

ITAPE-_

R_ TAP_ tTAPE, _COE_T_K,J_,K-l,IS_.J=t,90_
WRII_ ORUM KDRUM, I,COEFT

C

C DETERMIN_ THE TYPE OF PROBLEM
C

IOO IFROZll

701R_A_ INPlJT TA_E ?,_0_,PROB.KASE

7C3 FORMAT (A_,I_

WRITE _RU_ 4,Teg,KASE

S _L_ PRO_
S SUB _ S

S INZ_O_

IP_OB-t

$ 70_ ADD H
S SU_ T S

S TNZ_?07

IPRO_=2

SU_ P T
_ rNz+?09

S 7o9 _D P T

$ SUB T _

GO TO 7T_

S 711 ADD T P

_ SUB OCT
TNZ_?I_

IPROB-T

IFROZ.-1

GO TO 7_9
S _1_ ACD _ET

S _UB MT

S TNZ+6_]

GO TO'_O_
7_5 00 ?16 K'I,2_
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716 PCPIK)=O,O
I'O

1716 READ INPUT TAPE 7,718*(G(KI,K=I,5}

IF (G(Ibl 719.719,717

717 DO 1717 K=I,5

IK=I÷K

1117 PCR(IK)-GIK)

l-I+8

GO TO 1?16

718 FORMAT 15F10*2)

C

C DETERMINE THE ASSIGNED VALUES FOR THE PROBLEM

C

719 READ INPUT TARE 7J721,EORAT,O F,F PCT*PC,TC*KODE*IDEBUG

721 FORMAT [5FIO,2,1S,16X*II)

WRITE DRUM 4,_82,KODE

122 READ DRUM LDRJM,1996,BOX,BOF,HX,VXPLS,VXMIN,HF*VFPLS,V_M[N

IF {EQRATI 725,725,723

723 O F=I-EORAT*VFMIN-VFPLS_/IVXPLS+EORATeV_MIN_

F PCT:IOO*O/[I,O*O FI

GO TO 745

725 IF (0 F] 731,731,727

727 F PCT=IDO,OIII,O+O FI
729 EORAI=ABSFIIO F*VXPLS+VFPLSP/[O F*VXMIN+VFMINI_

GO TO 74S

731 IF IF PCT) 700,700,733

733 0 FIIIOO*O-F PCTI/F PcI

GO TO 729

745 IF IO F) 7191746,746

746 DO 747 I-I*C

747 O0(ll=(O F*BOXIIP+BOFrl)_/{I,O+O F}

IF (IPROB-I) 651,749,7_B

748 HSUBO=D*O
GO To 7_s

749 HSUBO=IO FeHX*HFI/II,O÷O FI

755 WRITE DRUM 4,79DiO FIF RCT,EQRAT

READ ORU_ 4,789,KASE

WRITE OUTPUT TAPE 6,?60,KASE,PROB,O F,F PCT,EQRAE*PC,HSUBO*

I WBO(II,I-I*LI

760 FORMAT (IHZIS*3X,A611M 4EIT,O/(lH 7E17.8}1

WRITE ORUW A*ITOD*N,IPROB,BOX,BOFlBO

MSUBO=HSUBO/I,g8726

READ ORUM LDRUM*20]2,RMOX,RHOF

READ DRUM KDRUM,1576,ANS

RMO=RMOX+O F*RMOF

IF (RflO) 772,772,771

771RMO-(1,0+O F)'RHOXIRHOF/RMO

172 WRITE DRUM KDRUM*I57b*ANS

775 IF (IFROZ} 777.681,779

77T CALL RONO(_}

779 CALL PONG{2}

C

c ERROR PRINT OUT

C

6_I WRITE OUTPUT TAPE 6,633*PROB,KASE

653 F_MAT (21HI?HERE IS NO PROBLEM A6,2X,15)

GO TO 6_I

635 WRITE OUTPUT TAPE 6,63?

637 FORMAT (WTMITROUBLE IN COMPILING MASTER THERMODYNAMIC TAPE)

RE'fIND

639 READ TAPE 4,(DATA(1),]=I,23)

WRITE OUTPUT TAPE 6,640,(DATA(I),I=I,233

6_0 FORMAT rlH 3A612FIO,1/rlM 2FS.l,TElk,8))

S CLA DATA¢I)

s SUB END

S TNZ,639

DO 641 INT=I,2
READ TAPE _,((COEFTIKIJI,K-IIIS)IJ=I,901

b4l WRITE OUTPUT TAPE 6,643,1fCOEFT(K_JIIK=IIIA_eJ'I,N)

6_8 FORMAT I1N 3A6,EFIS,2/EFS,II7EI2,_IIb

651 REWIND 4

PAUSE 77777

0_61
0362

036_

0_64
0365

0366

0367

O368

0369
0_70

037t

0372

037_
037_

0375

0376

0377

0378

0379
0380

o381

o382

0383

o3e4

o385

o386

O38T

0388
0389

0390

0391

0392

0393

039_

0395

039_

0397

0398

0399

0400

O_OI

0402

0403

o_0_

0405

0406

0_07

0408

0409
0410

0411

0412

0413

0414

0_15
0416

0417

0418
0_19

0420

0421
O_2E

0_23

0_24
O_E8

0_26

0_27

0488

0_9

0430

04_I

0_32



SUBROUTINE SEARCH 113*J_IJEER)
¢

C

EOUIVACE_CE IGill+ CI1))* (G(4201. CI42011

EO'JIVALENCE IFORml]I* ¢_1)_ _FO_M(15)_ CI]_)I

EQUIVALENCE IEL_TI]I° C+16_1. +ELNTtI_w CI_0)I
EOU[VALENCE _DATAllJt ¢4311J* IDAtA_23)B ¢1_3_1

EOUIVALE_CE IAIII* ¢<_21_* _A(1350_* CIt?7011

EOUlVALEMCE ICOE_Ttlh C_421)_* _¢OEFTfl_SO_*ClI770_I

EOUZVALE_CE IHSU_* ¢(_24_* t$SU_, C_25)1

EOUlVA_E_¢E IWTMOL* ¢(426))* _CP* C1_2711
EOUtV_LENCE IDLMPT* C(4_)* (DL_TP* ¢1_2_11

EOU_VAL_NCE I GAmmA, ¢t_30_), _ARAT[O, ¢14_111

EQU]VALE_(E IVMACHJ CC432)_, _$P Z_°* CI_I)

E_UtVA_[_CE [W¢I, ¢_4)_, ICF, CI43611

EOUIVAL_NCE _RHO, C<439)1

EOUlVALENCE (T Pl, ¢_440_), _P_ [* ¢_4lll

EOUIVALENCE (E_ PI* C_442)_1 CAW PIp C[_II
EOUlV_LENCE _T ETA, ¢(445))

EOOIVALENCE _EtA Z, C_46)), _EP ETA, C_71_

EQUIVALENCE _AW S[Go _4_1)

EOU]VALE_¢E _EN<I), Cl177_1. IENIgo_, ¢(]860_

EOUIVALENCE _OX_I_, ¢1|771_1, IB0XlI_I* C+17851)
EOVlVALENCE (_0F|_* Cl1786_h I_0F[15h ¢_1800))

EQUIVALENCE <VXP_S, C1_$0_1_, IVX_Nt Ct1804)_

EOUZVALENCE _VFPLS* CllS0_)l, IVF_]N, ¢(1806_)

EOUtVALENC_ _E_ _1_+ ¢11861_1, IEN LNIgOI, C(1950))

EO_IVALENCE <_OEFX_I+, ClL951_1, ICOE_×_2011 ¢t1970_

EOU_VALE_¢E (0X41_, C[19_tll* IDX(_0)* ¢_]970_)

EOUIVALE_CE 4_041J* CI_0_]I_, IH0190)* ¢4_130)_

EOUIV_LE_CE ($11_+ ¢1213111, 1_190), Ct2_20))

EOUIVALE_CE _ORMLAII_, CI222]1)* (F0_LAt_8)_C_22_8)_

EQUrVALE_CE IOELTAIII, C(_2_]1)* IDECTA(20)* ¢(_2601_

EOUlVALE_CE IB011)* C(2261J)* IBO(I_* C(2_75_)

EOU]VALENCE IP0* ¢(2_7_)* IHSU_01 ¢(2277_

EQ'JIVA_EN(E _T* _t2_80))* (AA_ LN* Cl_2_l)l

EQUI¥_NCE IAAY* (+Z282)_1 _(PSU_, Cl228_1

EOUIVA_EMCE tH(* C_228_)_* IT¢ LN* ¢1228_11

EOUlVALENCE [PCPltl, ¢_6)_* +PCP<2_D CI23_011
EOt_IVACEN¢E _PRODI]_. Ct_3_1_* tPROO(3), ¢1231_11

EQUtV_LENCE [IPROB, ¢_316_* t_FtXT, _123t711
EQUtVALE_(E _IHS* Ct_318_* (ICO_D* CI23L91_

¢

$ BL_ A_F 00000
$ RPN A_F 00OO0_

5 LPM ALF 00OO01

S GAS AL _ OOOOOG

S SOL ALF 0OO00S
$ L10 ALF OOOOOL

PL$ ALF OOO00÷
_[N ALF 0OOO0-

$ E ALF O0000E
$ ENO ALF END

CLO DEC 10
_12 DEC ]_

C

C

_ZON-2

DO I _'l*L

$$ SUBCLA_LmTI_

$ TZE*2
! C_T]NUE

_O TO 3

_ ¢LA ELNTI_>
L_ ELNT(L)

_ $TO EL_TtK_
STO ELM?tL)

$ 3 ¢LA C10

S LR$ _a

$ STO CI0

1SOL,O

M-0

DO _ INT-Ip2

REWI_O _

WR[_E ORt_t LDRUm*I+A

? _E_O TAPE ITAPE* ID_TA(])*I,I*23J

_ C_A OATA(II
SUB END

$ TZE*171

_ U_PAC_ THE.BCD FORMULA FOR THE _OOUCT

C

O433

O434

043S

04_6

04_7
043a

04S9

O44O

0441
0442

0443

0_
0_45

0_46

0_48

0_49

0451

0452

04_3

04_4
04_5

04_6

Q_7

O_Sa

04_9
O46O

046L

046_

0_65

0_66

O467

0_68

O469

O472

0_75

0_76
0_77

O_Te
0_79

048_

04a2
048_

04a4

04e_

04a6

04e7
O_Sa

0_89

O49O
0_9_

04_2

O493
O494

0_96

O497

0_99
0_00

0_0_

O5O6

0_07

O5O9
0510

0512

0_14

0_15

0_16

052_

0527

0_28
0_29

0_0

0532

O533

0_34

0536

0551

0_9

O54O

0_

0_48

0_49

0_52
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16 DATUMII)-OATA(1) 0)))

J-I 05_4

l) K-0 05_6

S 17 SSP 05_7

S (LM 0_58

S LGL 6 O56O

S STO FORMLA_JP 0561

S S_O DATUM_I_ 0562

J,J÷l 0S63

S TXH*21.{K_,_ 0_64

GO TO 17 0_66

S 21TXH_2_°dl)*! O56?

GO TO I_ 0_69

¢ 0570

C BEGIN SEARCH FOR FIRS1 NO_ BLA_ ALPHAnUmERIC CHARA¢T_R 0_71

C 0_72

S 2_ LX_ ClZ,(J) 0573

S 29 SXO J,(J_ 057_

S CLA FO_LA(J] O575

S SUB 8L_ O5_6

_O WRITE OUTPUT TAPE 6,_I,(DATA(I]*I-I*_I O5?9

_I FORMAT (i_ TX_ FORMULA _A6,)_H IS IN(ORREC_ O_ THE M_S_ER _PE_ O$8O

TNZm_0 05_

S CLA FORMLA(J_ 0_B6

S SUB GAS 0_87

S TZE*39 0_B8

AOO GAS 0_89SUB SOL 0_90

S TZEm_I 0_91

AOO SOL 0_92
SUB LIQ 0_93

_ TZEm41 0_9_

39 ITYP[-I 0_6

411TYPE-2 0_98

4T J-J-_ 0_99

S ¢LA FORMLA(J) O6OO

_ SUB LP_ 0601T_Z*30 O6O2

J,J-1 O6O3

OBT_[_ AND $TO_E THE FORMULA _UMSERS _(_*J_ 060_
¢ O6O6

O0 4e _ohl_ 060?

060a

_1 _LSW-! O6O9

NUMS-O 0610
_ ICNT-O 06XI

57 JC_-J-ICNT 061_

ZF [JCNTJ _0,8_,_9 061_
$ _9 CL_ FORMLA(JCNT) 061_

TPL_67 06X6

GO TO (6_,B_*NLSW 0617

6_ IC_T-[CNT+I 06XS
GO TO _? 0619

6? GO TO (69,6_I,MLS_ O62O

_ 69 CLA [CNT 0621

S TZE_)_O 06_2

IF ([(_T-21 ??*?_*)0 062_

_3 NLSW-2 062_

GO TO _? O626

$ ?) LO_ FO_MLA(J-I_ O62?

S LLS la O629

$ STO NUM_ Ob_O

$ ?? (L_ FO_MLA(J) 06_t

$ LLS 18 06_2
S AO0 _UM8 0_3

VALUE-NUMB 06_

J-J-ICNT O636
NLSW-_ 06_7

S] GO TO (30_8_),_LSW 06_9

S TZE*_O 06_1

$ $_Z SYMBL 06_2

IF (NUMB) 86.9_,86 06_3

86 IF (ICNT-2) 93,89,30 06_
$ 89 LO0 FOR_LA(J-I_ 06_

S LL$ _1 06_6

$ STO $YMBL 06_?

$ 9_ CLA S_MBL 06_8

S AO0 FORML_(J) 06_9

GO TO 107 06_!

9_ IF [JCNT_ _0,30,96 06_2

$ 96 ¢LA FORMLA(J) 06_

FOt_M[L)- -lC_T 06_6

GO TO 109 06_

_ 9? AO0 PLS 06_0SU_ MIN O659

S _Z_30 O66O

FO_M(L)- IC_ 0661

GO lO 109 O662
10_ DO ll& K-I*L 066_

$ CLA $YMeL 06_

S SUB [LMtI_ 066_

S TZ[_IO_ O666
_ll CONTINUE 0667

GO TO ? 066a

lO_ F_M(K)-VALUE O669
_09 J-J-I(_T O6?O

_F (J)'_O*121,_l 06?X

XZl IF (ItYPE-II _O*l_pl_7 0672
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I)3 M-M+I

GO TO l_I

I)7 J,RO-ISOL

ISOL-ISOL+t

141 READ DRUM LDRUM,I,A

145 DO I_7 K=I,L

ArKDJI=FORMIK)

147 CONTINUE

WRITE DRUM LDRUM,I,A

WRITE THERMODYNAMIC OlTA 0_ TARE OROEREO 8Y INTERVAL

c

ISl IT=O
s CL_ DATAII}

S LDQ DATA{3)

s STg DATAIII

S LDQ DATA{El
S STO DATA{2_

S STO DATA(_

DO 163 INT =1,2

READ EAPg 13_ (rCOEFTIK,JT},K'I,ISI,JT=I,ROl

DO 155 K-I,5

COEFTIK_JI'DATAIK)
IS5 gONTINDE

DO 159 K-6,1_

_[T" K+IT

COEFTIK,JIIDATAIKITI

IS9 CONTINUE

ITIlT+9

WRITE TAPE 16t 11COEFT{K,JT),K=I_ISlJJT=I*RO)

16_ CONTINUE

REWIND 13

REWIND 1_

S CLA 13

5 LDO I_

s STO I_

s STO I

GD TD 7

C

C GO TO NEXT MOLECULE
C

ELIMIRATE GAP BETWEEN GASES AND CONDENSED PHASES

171N-N+ISOL

JEER=|

173 IF IN-90} ITSt22_t181

175 IF (ISOL] IT7tZ2_tlS_
177 JEER=2

GO TO 224

iBl WRITE OUTPUT TAPE 6,|82

182 FORMAT 145H TOO MARY REACTION PRODUCTS FOUND ON THE TAPE}

JEER-2

GO TO 22_

18_ oo 187 I-l,_

READ TAPE 13, ((COEFTIKpJTItKII_ISltJT=I,9O_

KK-90-ISOL

DO 186 J=I,ISDL

MJ,_+J

KJ=KK÷j
DO 185 K=I,IS

COEFTIK,MJI=COEFTIKtKJI

185 •ONTIRUE

L86 CONTINUE

WRITE TAPE l_, (fCOEFTIKIJT)tK=I*ISItJT=ItRD)

L87 CONTINUE

REWIND I_

REWIRD IA

215 READ DRUM LDRUN,I,A
DO 219 JaI,ISOL

MJ=N÷J

KJIK_÷J

_0 217 K=I,15

A(K,MJ)IA4K,KJ}
21_ CONTINUE

219 CONTINUE

WRITE DRU_ LDRUMII,A

GO TO 225

s 214 CLA I_

s LO_ 14

S StO 14

S STQ 13
2E_ R_TURR

0673
067_
0675

0676

0677

0678
0679

O680

0681

0682
06R_

068_

O685

O686

O687
O688

O689

069O

0691
O692

069_

069_

O695

O696

069T
0698

O899

070O

0701

O702
0703

070_

O7O5

O7O6
OTOT

07O8

0709
0710

OTl)

0712

071_

071_

071_
0716

0717

07]8

07]9

OTEO

OTZl

DTZ2
0725

071_

071_

0728

07ZT
0728

O729
07_0

OTRl

0732

OT_6
0757

0758

0739

OTtO

OT_l

07_2
07_

OT_

07_5
OT_6

O747

O748

07_9

0750
0751

0752

O753
07E_

O?SE

O756
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SUBROUTINE BYPASS IJ)IARGI

C

C

COM_W)N C

EQUIVALENCE {6III) C(iII) IGI_20I, C4_20)I

EQUIVALENCE (FORM{I)I CIiII) IFORMqlSI) CIISII

EQUIVALENCE (ELMT[IF) C(16))I (ELMTI15)) CI3O)I

EQUIVALENCE IDATA(II, C(31tI, IDATA(23)) C(SS)_

EQUIVALENCE [A[I)) CI_l))) [A(13501) C(I77D)I

EQUIVALENCE {COEFT{I), C(WEI))) [CCEFT(1350),C(]??0))

EQUIVALENCE {ANSIII) C[_l)ll (ANSI_E_I C{87WF)
EQUIVALENCE IHSUM, C[_2_)I, Issue, C1_291_

EQUIVALENCE IWIMOL) C{_26111 ICP) C{_2?II

EQUIVALENCE IDLMPT) CI4_81]) NDLMTP) C{4291)

EQUIVALENCE (GAMMA, CI_90))) IARATID) C143l}]

EQUIVALENCE (VMACH, C1432))p ISP iMP, C1433))

EQUIVALENCE IVACI) C(_4))) (CF) C(_36I)

EQUIVALENCE (RHOII C(4371}) IRHOVAC) C(_3BI)

EQUIVALENCE {RHOI C(_ggl)
EQUIVALENCE fT Pl) CICADA}, IDI I, Ci_4]_I

EQUIVALENCE [EP P]) cI_2))) [AW PI= EI_3))

EQUIVALENCE IT ETAI CIW_5)l

EQUIVALENCE (EYA I, cI_6II) IEP ETA) CI_71l

EQUIVALENCE IAW ETA, C1_48)1) II SIO_ Ct4_OII

EQUIVALENCE (SIG I) C{_Ilh IEP SIG) C[_521I

EQUIVALENCE IAW SIG, C(459)}

EQUIVALENCE (ENIII) CI1771)}) IEN(gOI) CII8601)

EQUIVALENCE tBOx(I}, C(IllI_, lBOX(l_ C_Z7899_
EOUIVALENC_ (BOFII)) CI1786)}) IBOF(IE), C(I80O))

EQUIVALENCE (HX) CIIE01))) (HF, C(IB02))

EQUIVALENCE (VWPLS, C(IB03)}) (VXM!N) C(IB04)}

EQUIVALENCE {VEPLS) C(I_O_I?, CvEM/_I C(]EDS?_

EQUIVALENCE tEN LN[I)) E(1861)), {EN LN(9Ol) C(1950)I

EQUIVALENCE {DEL N{I)) C{19_I)), {DEL N(90), C(Z0_0))

EQUIVALENCE [CDEFX{I]* C[lg_Ill) (COEFX[2OI) c(IgTOII

EQUIVALENCE (_X(II) C(1951}I) IDX(2OI) C[I97011

EQUIVALENCE IHOll), CI20_I)l) IHOIgDI) C{213OII

EQUIVALENCE IS(l)) C_213£)]) _slgol, C(2Z_0]I

EQ'JIVALENCE IxIl), Cl_EII)) (x(2OI) C422_0))

EQUIVALENCE (FORMLA(1)) C(2221)I, IFORMLA(IB))C(22381)

EQUIVALENCE IOELTAII)) C(2_1)1) (DELTAIC01) CI226D))

EQUIVALENCE IBOI1h C(_261I}) (BOIISI) CI2_TE))

EQUIVALENCE (PD, C(ZE76)), (HSUB0$ C(2277))

EQUIVALENCE {SO, CfZ27BI), (T LN) C{_2lgll

EQUIVALENCE [I) CI2_BOI), [AAY LN, CI22BI)I

EQUIVALENCE IAAy) C[2_821), {CPSUM, CI22831I

EQUIVALENCE [HC) C[220_]l) ITC LN_ C122651l

EQUIVALENCE (PCPII}) C12_86]l) IPCPI?5]) C[2_IOI)

EQUIVALENCE WPRODII}, CIEDIllI) IPRODIDI) CI291911

EQUIVALENCE IDAIUMIII, CIE)IIFI) IDATUMI_), CI23131]

EQUIVALENCE (PC) C(291_))) {TC) C(2315)

EQUIVALENCE (IPROB) C(2918)}) (IFIXT) C(2917)

EQUIVALENCE (IHS) CIZ31B))) IICO_D) CI_3199

EQUIVALENCE [ISYM) C(2320)), IIPROD. C(2321)

EQUIVALENCE {IDID) C(2322)), ILDRUM, C(2323)

EQUIVALENCE IIDRM) C[23231)) IKDRUHI C{232_l

EQUIVALENCE (L) Ct2D2511) ILl) Cr2326I

EOUIVALENEE IN, C12D27))) (MI, Cr25281
EQUIVALENCE IN) C12929)I) liD, C(2)SDI

EQUIVALENCE (IOl) C(_)91I}) (IQ_, C(2392}I

EQUIVALENCE (109) CWZ933)], _K_AT) C(233_]I

EQUIVALENCE (IMAT, CN2935I), (IUSE) CI293_11

EQUIVALENCE (IADD= CI_936)I) IITNUMfl) C(2337II

EQUIVALENCE (ITAPEI C(Z338))) (P) CI2399)I

EQUIVALENCE (IDEBUG, C(23_0))) (TFROZ, C(23_191

C

DIMENSION G{20)2II* AIIS,g0I* ENIg01, ZN L,R(gQ)

DIMENSION DEL NI9OI) HOIgO), ${gOI) X[20I

DIMENSION OELTAI?OI) B0115}) PCPI2S)_ PROD{31

DIMENSION COEFX(2_) DXIZ0}) FORM(15}) COEFI{I_IgO)

DIMENSION ELMT(ISI) DATAWE)]) DATUNqg}, FORMLAI_8]

DIMENSION BOX(151) BOF(IE_) ANSI_5_I) SYST_ISI

C

C

C IARG=I MEANS TEST ONLY) IARG=2 MEANS ELIMINATE A SPECIES) IARG=3

C MEANS ADD ANOTHER SPECIES

C

S LXD J)fJ)

S TXL*2)(J))35
S TXLml)(J})7O

S TIX_),(J},?0

I K'E

S TIX*3*{J),35

IF IIARG-_I *_5,7

IPROD=2

s CLA PROD(K)

S LRS 35)lJ)

S LET

S TRA_I0

IPROD=I
S TRA_IO

s _ EtA PRODI_

S LRS 35)lJI

s LET

s TRA_6
S T_*IO

s S CO_

S LR$ 1

s con

S LLS 36)/J}
S STO RRODIK)

s CLAM

S SUB J

S rPLatO

IQ3-IQZ
IQE-IQI

IO1=IO

IQ "IQ-I

S TRY*9

s T CLA PROD (K)

S LR$ 35,t_)
S L0T

TRA*IO

S LRS I
s cc_w

S LL$ 36¢(J}

S STO PROD(K)

CLASUB

S TPL_]O

IQ =IO]

IQI-IQ2

IQE=IQ3

IQ3-IQS÷I

9 SENSE LIGMI W

lO RETUR_

0757

0750

07%9

0760

0761

0762

0763

0_64

0769

0766

0_67

OTS_

0769

0770

0_71

0772

077_

077_

0775

D_76

07_7

OT_B

OT79

OTtO

07El

07_2

078B

078_

07B_

0786

0T87

D_8

O789

0_90

0791

O792

07_

079_

D79_

07_6

OTgT

0_98

OTg_

O_O_

0801

0802

DE03

OSO_

O805

O8O6

DE07

O_O8

OeO_

OBIO

OBll

OBl2

081_

OSl_

OBI5

0816

OBI7

0818

0819

O820

0871

082Z

0823

08_

DE25

0B26

0_27

O82O

0B29

0830

OB_I

08_Z

0_

083_

0B35

06_6

O837

OO38

O839

08_0

oa_

0_2

08_3

08_

O845

OB_T

OB_9

08_0

08_2

oa59

08_5

08_6

0857

OB_9

086o

0861

O_SZ

0863

O864

O865

0_6

O867

0868

0869

O870

OSTI

OB?2

0873

087_

O8?6

087T

O878

0879

O88O

088t

08e2

O_B3

088_
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0886

0887

0888

0889

0890
0891

0892

0893

08_

0895
_896

0_97

0898

0_01

O_OZ

09_3

090_
090

0906

0907

0908
0909

0920

091_

0922

0_4

0_
09]6

0917

0928

O_t9
092O

O_Zi

09_2

09_

09_
09_7

09_

09_0
0_2

09_

0_

0q_9

0941

09_2

09_3

09_
0_7

09_9
09_0

09_I

09_

09_6

09_7
09_

09_9

0_8_
0_63

O966

O96?

09_8

09_9
09_0

0971

09_2

097_

097_

09_6

09?9

0980

098_

09_2
098_

098_

O986

0_88
098_

_990

0_9_
09_

0_9_

099_
099_

0996

0997

0999

0999

_000

lo0!
2002

100_

_00_

200_
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GO TO 30
2l IF(ELMT_I)) 31.22t31

22 ELMTtII-ANAMEIJ)
NE-NE+I

N_UT-I

GO TO 35

31 CONTINUE
8O IFINHUT;l_,IS*14

14 00 16 I=l,lOl

S CLA ATOM<I,I_

$ SUe ANA_E4J_

3 rNz*16

17 lt=i
GO TO 18

16 (ONTINUE
WRITE OUTPUT TAP_ 6,19_

199 FORMAT _32H0 THEgE IS A 8AO PROPELLANT C*ROI

L--1

_ETURN

10 _INE°371-AT_tth2)
At_E°381-AT_CZl,3_

l_ ACK_,KKIoANUMCJb

98 CONTINUE

97 *_KKK°NN:*_NTH

AIKKK,NN+2)-OECWT
A_KKK,NN+4_=OENS

A_KKK_NN+IOI.DEN

AIKKK,NN+I21=TEMP

AIKKK,NN+I_-ETHR
60 TO 1OO

20O IF(N_I202.201,20_

201L-0

R_TUg_

_02 JE_-222
3 3TZ WX

5 $TZ WF

_ 3TZ _XSTZ HF

5 5TZ RHOX

3 5TZ RHOV
S StZ VXPLS

S STZ VX_IN

$ STZ VFPL$

S $TZ VFMIN
00_2 J-l_O

DO_32 I=I,NE

552 A_J,39)=*IJ°_9_+A[i ,37_*_¢I °J I

00 53 J.1,NF

00 58 I-I,NE

O055O l.l,NO

5_ HX-HX*A(I,_II*A_I,3_;/AIIt39_

350 WX.WX.A<I,3_

DO551 _.I.N_

551W_-WV+A¢I°3_

$ 8TZ ACX

S STZ *OF
$ $TZ *_X

OO _2 I*l,NO
ACX.ACX+A¢I,_51*AIr,33_/_¢I,39_

ACX-ACXlWX

A_X=WXfAMX

00 _ I-I°NF

4_ _MF=AMF*A41,3_]/*CI,_O_

ACF=ACF/WF
AM_=WF/_F

WRITE 0_ 4,1_16,ACX°AC_°_MX,AMF

HX-_X/WX

HF-HF/WF
OO +O _=1°_O

7_ 00 61 I.I,NV
IFIA_I,_6]I61,TI,61

eHCV-WF/gHOF

60 TO 7_

S 71StZ eHOX

S 7_ srz _HOF
7_ r_O _7 I-I,N_

OO _6 J=I°N0

OO 58 J=I.NF

58 _O_¢])=80F(I_+A(I,J*IS)*AIJ,3_I/_rJ,_0]

59 80F<1)=eO_l_/W_

OO 62 _,NF
IV_A_l,_el_63,62,6_

64 VX_LS=VXVL3+_0X_I_*_I,_8)

67 VFPL_=VFPL_+_OFIII*A<I,_8)
00 TO 62

66 VFMIN=VFMIN÷_0F_II*A[[,38)

6_ CONTIN_JF
_e;TE _mUM LOR_J_,Ig_6,_0X,_OF*HX,VXPLS,VX_tN,_F°VFPLS.VF_I_

2,_HOX._H_F

_O 4O I=l°_O

OO _1 I.I°NF

TOTAL • MOOF_OTAL,I.O_

11_2 _0_1
GO _O 11_4

L=_E
RETURN

1006

1007

1008

1009

I010

I011

I012

i018

1014

1016

1017

1018

1019

1020

1021

1022

102_
I02_

I02_

1026

IO27
LO2S

1029

1030

IO_1

1032

1033
i03_

i0_8

1036

1037

1038

1039

10_0

10_!

10_2

I0_3

104_

I0_5

10_6

10_7

lO_S
i0_9

1050

1051

I0_2

1053

I0_4

1038

I0_6

1057
1058

1059

1060

1061

I0_2

106_

106_

108_

1066
1067

1068

1069

1070

1071
1072

107_

10_5

1076

_077

1078
1079

1080

1081
1082

loe3

1084

1o85
1086

1087

I088

I089

lOgO

1091

10g2

I093

109_

1095

1098

1097

1098

1099

1100

II01
1102
1103

II0_

II0_

11o6

Ii07

1108

If09

I110

1111

li12

Ill4

ii15

1116

II17
1118

1119

11_0
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COmmON C

EOtHVALFNCr fPC, C(++l_IJ, (++, rC_t_tl

_Q_PIV_L_rP FTM , cr_, r_t, C_

MT _L_

_L_ _LP nnt)_P

C

_lTP=Imo_

_6_ T=TC
o0_n°r

C

C

_6 SE_SF LIGHT 1

IT_T_

_9 SENSE LIGHT

GO TO i_

1126

l12g

116°

_]Tn

lt_ TM'

llBm

_tg_

t_n_

l_os

1212

t2t_

t_t_

_22_

_276

_p_n
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T L N= L %_ITI

IF fPCP(IADpI] 2_11_1147_

_7_ P0_PCPt_e_

<+73 _FN_F L_G_T •
_FN_E LIn_T 4

BEGIN e_LCLILAT_0N£ _o_ OIRDFNT PqUIT

CHECK TFMPFQAT!IRF RANGE OF THF_Mq_yNM,]C DATJ

17 RPan DRI_ _nm_M,l,rnrF +

nO LN:LO_FIPO)
IF {lPROP-2_ IT,1T,19

Z? T=CXPFrF LN_

!9 iF IC_FFT_,I_-TI ;'1,27,77

2! [P rC;FFTIT,II-£O00.01 2_,!I*_ _]

a*C_P_CF TTaPF

RA_K_p_CF TTA_ c

2= _FAD T_PF TTAOF, _(CNFFT((IJlIK=t_t_I,.J=I* qq )

rm m

_L!_TF THOSE SPrrl a g _H[CH pc? NC:T "AVE r,ATA IN THIS INteRVAL

_ gr,4g, LI_H" a

7; .........
_q _t t pyP_£S (J,Tl

CN_J_=P.0
a_ FC_T_Nt,_

:2 _gGTN TTF#_T]ON gOP CO_o©c]_]Oh

(

_p It=To

JQ] =IYl]

lO2=IO2

IO1=Io_

[TNtJMR=!0

CALL PyPASS IJ,l)

IF rIPPOD_2_ qR,_5,_n

45 TF tEN L_[JHSIZF-PO LNI qG*&6,_7

_6 FN[ li=h,O

ho TO' _

IF flppq_-?) 4O,_T

A_ T=FXp_T LN]

CALCIJLATF H_T (APAC!TY, f NTH_LpY _ND FNT_(]PY

IFI[T=I

IF 4qFN_F LIGH? pl _2,55

5_ _NqF LIGH T 2
Ic (£FNFF L]GH X _] _,_

_ SCNK p LI_ HT 4

IFT_T=!

m_ IFI_T=2

=5 CP£LJ'_=n,_

_o 60 =hN

_? CPSI)_=CPSIJM+((((C0¢_T(I_,J)*T+COFFTfl]*JI)'T+(OEF?(IO, H_'T_COFF T{

I+COPFTIqI.I_I2,qt,T +CprFTI]_,J:IIT+CrGFFT4_°]_

S9 _JI=tf{rCOFPTC!P,JI,'_.9 I'_+COEFT_llIJ)/_.CI_T+rO_F!_]n'H/2"OI *_

I+CC_FT _lJ IIT+r0FFT B, tIlt [N*COFFT(I_,']-SN 1_41J1

60 CONT TNL'_

CONSTRLICT ,_ATRIX AND SOLVE THF EQUATIONS

RFAD DRLI_ LD#U_I,A

CALL MATR[_

IF fSENS_ LIGHT _ 61,171

61 SERIF LIGHT

CALL 6_rSq (15_l
IF (l_FqlJAI _!h,_O,olO

9]I Wp]T[ ©_!TOLIT "Ap E 6,9_21[C[[,K_,K=I,_y_TII_LTA(I)
WeITF olrTorl" '_oE 6,_l?,r×[lllI=_,I_T_

g]? FOPWAT _aF14,61

80 IF (IDID-IMAT] 81,_%81

81 IF tSIZF-I8,S] B%,_,%l]

a_ SIZF=_7._

GO TO _

85 ITNUMB:[TNUM_ - ]

DO _7 K=I,I_AT

IF (AR_c(DCLTA4KII-q,GC-4I _7,_7,_I_

_7 CONTINrI_

O_TaIN CORRECTIONS TO THE ESTIMATES

O LN TIX{IO2)

_l IF FIFIXT-21 e_,_%_79

9_ D LN T=O,0

CALL BYPASS [J,l_

_6 DEE _lJ]=O,0
Go TO in]

Q? _L NIJ)=HOIJImD LN r-_orJl+_J}
OC 99 KII_L

Q9 DEL NWJ)=OEL NIJI+AIK,JI*X{_)

lOl CONTINtl[

IF (t-lO) _0_,]091199

IP_2

1P45

IP_,D

I_%2

_56

I?57

176 z

]26_

IPe5

126_

ipe7

!2_B

12_i

127_

1_n

12_2

128_

I7%

i_92

I?9_

1_nn

i_o_

l_n6

l_n7

]_in

1_it

t_IP

i_6o
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148_

1_90

1_97

lSO0

1_02

IS04

l_O?

1_09

I_0

lS6?

1_73

1_79

L_9

ISgO

IS91

1_96

lS9_

1600
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IF rr_FeUG) @29,194,9Pw 1601
929 _RITE OUTOUT T_PE 6,923,3HSTAPIHCIHSUM.pCp[TADO_ 1602

19_ _E_SE LIGHT 4 160_

GO TO I_ 1604
C 160_

C CALCULATE PERFORMANCE PA_A_TFRS 1606

C 1607

RHOE-RHn*SP IMP 1609
SUM=T/(2.n_(HC-HSUM_ 1610

P_ I,SUM_(WTMOL-WTMOLC}/(WrMOL*WTMOLC] 16ll

ETA T-SUM_TC-_/_TC_T_I,_7_6t*]O00,O 161_

S[_ I=SUM/W_MOL 161_

T PI-I_WTMOLC_WTMO_)/WT_OLC_OLMTP}/IW1MOL*CPR_ 1_]_
T _TA_IOO_°O/(CPR_TC'I°gBT_6) 161_

T S[_=_(_,O-DLMTP}/_WT_OL*C_R_ ]6]6

_ SI_=I°_/G_MMA-STG I 16_0

C_TRP_=IoO+_W _r 16_

_R ET_A_ ¸ ETA 16_5

_WT PI=_W _r 16_7

Aw _TG-Oon 16_9

A_ATIO=_W/_WT 16_1

V_CT=SP IMP+_'l_o69_OO6_AW 16_

RHOVAC=_HO_VACI 163_
V_C_-SP IMP/SORT_(86.4_9*GAMMA*T_WTMOL_ 163_

EP PI=AW PI-AWT Pl 16_

EP FTA-AW _TA-AWT FTA ]6_6

_P SIO=AW S_G 16_7

_07 _=HS_I°_B?26 1638
SS_M=SS_lo_B72_ 1639

C O_T_IN COMPOSITION IN _Ot_ F_ACTION$ 16_?

16_3

IF _TCOND-2_ 209_21_,_5 16_

2¢9 DO _1_ J-_I,N 16_
2_! SUM=SU_÷FN(J} 16_7

21_ _NS{_*J÷_},EN(J_/SUM 1649

_ ANS_I_ =_Co_IAoD> 16_!
218 IF _IA_P-2} 220,_1_219 16_

ANS(_=STR SIG ]6_6

C 16_0

C PRINT OUT THE CALCULATED ANSWERS 1561
c 1662

_z_ w_lT_ ouT_ul _APE 6_2Zl,_ANs_r),I=I._ 16_4

(_(TX._A_,_._II 1666

GO TO _ I667

NO _0=_0 _0._ 1669

2_2_ IF (I_DD-_ ??_,_,_2_ 1670

T LN=T LN+LOG_°O/_GAMMA÷I°O_ 1674

_23 WRITE D_U_ _I,ANS 167_

_?_ IA_=I_O_+I 1676

GO TO _ 1_77
C ]6_8

1_1W_TF _ _°Tq_,NO EO 1680
IF (TFROZ_ 2_?t_79_ 1681

Z3_ C_LL PONG(4_ 168_

2_7 CJLL PONG(_ 1686

2_9 WRITE _P_ _._G_I].]_I,_I_ 1687

CALL PnN_ 1_88

F_n_ PnI_T our 1690
c 169i

_n_ W_I_E OUTPUT TAP_ 6,_O_T,IADO 1697
_0_ FOR_JT ¢I_HLTM_ TEMP_RATURE-EI_.4_ _ IS OUT or RANGE _OR T_E P 169_

lOINt T_) 169_

_07 IF (T-_O0.O_ ]_09,_O_,_OB 1696

_0_ GO TO _ 1697

_10 1_ (IPRO_-?_ l_ll,_o_,_O_ 1699

1311 lr (ITFST-N_ 1_12,1_!2,_09 1700

1_12 _0 I_ J=IT_ST,N 1701

_ _ONTINU_ 170_

GO T_ _ 1705

CALL _YPJ_SIJ,_ 170_

GO tO _ 1708

_09 T_=_ 1709
1_ (S_NSE LIGHT _1 _4_ 1710

_ll WRITE OUTPUT T_P_ 6t_l_I_,TOrD

)12 _O_AT (/I_H1TRI_D r_ SOLV_ I_.2_ EOUATIONS_ ELIMIN_TEO _) 1712

GO TO _ 1713
_ W_ITE OUTPUT rAP£ 6,_1_, 17]_

316 FORMAT (/_TH1R_SIDUALS FROM SUBROUTINE G_USS EXCEEP O°_E-_t 171_

_7_ T_ (T_F_UGI _1_77_2_1 ]716
_ IDE_UG=I 1717

IF (TPROB-_ 1_77,_,_ 1718

GO TO _55 17_0
_Ta WRITE TAPE _,(G(1_,1=1,23_1_ 1721

BACKSPACE _ 17Z2
_ALL PONO(ll 17_
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37g REWIND 4 i72_

PAUSE 7???7 1725

SUAROUTINE GAUSS IIwRDI 1726

c I727

C SUBROUTINE GAUSS SOLVES ANY LINEAR SET OF UP TO TWENIY EQUATIONS, 172B

C BY ITERATION IF NECESSARY 1729

c 1730
COMMON C 1731

EQUIVALENCE CO(1), 1732CIl)l, (G(aZ0}, Ci_20_]

EQUIVALENCE IFORMII), C(II), (FORM(15J+ C(15I] 1733

EQUIVALE_'CE IELMT{I}, C(16_I_ IELMT(15It El301} 1734

EQUIVALENCE (DATACI). C(3111 (DATA(23}_ C_53)) 1735

EQUIVALENCE IA(ll, CI421}), (A(1350), CqlT?0}I I736

EQUIVALENCE (COEFTII), C(421)), (COEFT(1350],CIIT?0)t i 737

EQUIVALENCE {ANS[I_, CI_211)t IANSI45_I, C(874bi 1738

EQUIVALENCE (HSUM, CI_24)I, {SSUM_ C(_251) 17)9

EQUIVALENCE {WTMOL, Cq426)), {C p , C(427))

EQUIVALENCE (DLMPI, C(WEE))t [OLMTP, C_429)J

EQUIVALENCE (GAMMA, EIW30)_, (ARATIO, CI431})

EQLI]VALENCE (VMAEHI C1_2)11 ISP IMPl C1_3311

EQUIVALENCE (VACI, C(_3_)I, ICF_ CI_36)I

EQUIVALENCE (RHOI, C[_37)h IR_OVAC, CI_38)_

EOLI]VALEN_E IRHO, C[_3911

EQUIVALENCE 4T PI+ C{_OlI, (Pl I, C(W_IIP

EQUIVALENCE IEP Pl, CIA_2)I, IAW Pl, Cl_31)

EQUIVALENCE (T ETAI CI44_II
EQUIVALENCE _ETA I, C44_6)11 4EP ETA, CI_TII

EQUIVALENCE IAW ETA, CN4_8II, iT SIGl Cl_501l

EDUIVaLENCE (SIG I, C4451}1, (ER SIG+ £I_5211

EQUIVALENCE IAW SIS, £I_531)

FQUIV_LENC_ (EN(l_, C[17?I}I+ (EN(90)+ CI186011

EQUIVALENCE (BOX([), C(1771)), (80XIlS}, C(I785))

EQUIVALENCE (BOFtI_, C(1786)), _BOF(15)+ C(1800))

EQUIVALENCE {F_X, C(IB01)), (HF, C(IB02)l

EQUIVALENCE IVXPLS, C_1803)}, IVXMIN, C(IB0_IJ

EQUIVALENCE IVFRLS, CITE05)), [VF_IN, CIlBO6))

EQUIVALENCE fEN LNII), C[18611_, FEN LN(90), CI1950II

EQUIVALENCE (DEL NEll, C[1951)_, (DEL NIg0), C(20#0_I

EQUIVALENCE (COEFX(I]I C[1951)), {CO_FX[201, C[1970_)

EQUIVALENCE (OxlII, C_]9511), (DX(?OI, EIt970)l

_OUIVALENCE (HOII_I ElEO_I]II (HO(9OII Ct21_O)l

EQUIVALENCE 1541(, C{EI)l_I, IS(90_, cr22201I

EQUIVALENCE 4X41), E(2221II, 4X_2OJ, CI22_OII

ECO/VALENCE 4FOR_LA(I), C(?_?liIl _FORNLAI]8),C{2238II

E_UIVALENCE _DELTAI1), C_22_1)], _OELTA<ZO}, CI2Z601)

EOUIVALFNCE IB0_II, C(22611], (B011_], F122?5]I

EQUIVALENCE (PO, C(2276}I_ (HSUBO, CIZ27711

EQUIVALENCE (SO, C(2278}I, IT LN, N C(2279)I
EQUIVALENCE IT, C(2280)), (AA v L _ C(2281)I

EQUIVALEP'CE IAAY, C(2282_)_ ICPSU_, C(2283))

EOU[V_LENCE IMC_ C(228_)], (TC LN, C(2285})

EQUIVALENCE (PEP[I), CI228bi}, IPCPI251_ C(2310)I

EC_IVALCNCF fPROD(1), CI23111I, [PRODIGY, CI231311

EQUIVALENCE rDATUMI!I, C(23111l {DATUM{3), C(23131)

EQU!VALENCE (PC, C(231_1) ITC, C_2315))

E_UIVALFNCE (iPRO_, C[2316)_ IIFIXI, CI2317W_

EQUIVALENCE 41MS, C(2_18]) <ICON_, C[2_19)1
EQUIVALENCE IISYM, E4_320}I 4] pROD' CI232111

EQUIVALENCE 41DID, C42_22_] _LDRUM, C(2)2_]I

EQUIVALENCE tlBRM, C42323)}, (KDRU_, C1232_1I

EQUIVALFNCE (L, C(232511, ILl, C1232611

EQUIVALFNCE l_, C(2327}I* (MI, C12328}_

EQUIVALENCE (N, C(232_I). (IQ, C12330_

EQ_I[VALENCE {lOt, C(233I}), (102, C(2332))

E_J[VALENCE IIQ3, C(2333_)_ IKMAT, C(233_))

EQUIVALENCE [[MAT, C(Z33511, (I'JSE, C(2335)}
C(233bl), [ITNV_B' C(2337}}EOUIVALENCE [IADD,

EQUIVALENCE FITAPCI C[2338l_, (P, C12339)I

EQUIVALENCE (]DEBUG, C(23_OIIi _IFROZ, C[23_1))

c

DIMENSION G(20,2111 AIIS,?0II EN(90]I EN LN[90_
DIMENSION DEL N(9OJ, HoIgo]I SI90)_ X(20)

91MENSION DELTAIZC} BOIIS], PCPi2Sll PROD(31

DIMENSION COEFX_?CI, DR{?O}, @ORMII51_ COEF¥IlS*9Oi

DIMENSION EL_T(15), _AT_(?_I, DATUMI_I, FDRMLA(]8)

DIMENSION BOX(15), 80FIISI, ANSI_54}, SYSTMIlSI

5 11 DEC i

S MAX OEC 4
s ]OR DEC 128

s STZ IDID

s CLA IUSE

S TZE_B0
s ADO II

s STO IUSEE

DO i K- I, IUSE

S STZ X(KI
S STZ DELTA(KI

i CONTINUE

IIERA- 0

KAPUT-I

s CL_
S COM

s SS_

S $TO OSUMI

C

C S_VE MATRIX Off DRUM IDRM BEGINNING AT LOCATION IWRD

C

WRITE DRUM IDRM_ IWRD, G

C

S 2 TOO'3

S • DCT

s NOP

E

C BE3IN ELIMINATION OF MNTH VARIABLE

C

6 DO &_ NN-h IUSE

CLA NN

$ SUB IUSE
S TNZ*a

S CC_ _(NNINN)

S TZE_23
S TRAI3;

C

C SEARCH FOR M_XIMUM COEFFICIENT IN EACH ROW

C

DO 18 I'NN, IUSE

CLA NNSTO J

5 CLA GII,J}

i?_o

1741

17a2

17_3

17_4

17a5

1747

17_8

17&9

i;5o

1751

1752

I_53

175_

i?_s

i756

17_?

1758

i_5_

!_o

1762

17_3

1?e_

176E

1766

17_7

17_a

1769

1770

I771

]772

1773

177_

IT?_

1777

1778

1779

17e0

17BI

17B2

1783

_7_

_TaS

17a6

17_7

1?aB

i?_9

17g0

1791

i_92

1793

1795

179_

1797

_79e

1799

leO0

leO2

IS03

IBD_

I_06

1808

1809

ISlO

ia11

1812

1814

1B19

1B20

1_21

1022

182_

1825

1026

1827

182_

182_

le_O

Ia32

183_

1B36

IB37

1838

I_39

i_0

1842

184_
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CL_ _USESUB

S tM_+51

48 DO 50 I" JD IUSE

SUM, SUM ÷ GIK,I)_DX(|)

50 CONTINUE

S| DX(K)- GtK,|USEI}-$UM

XIK_.XrK_+OX_

s TIX*_7 , _Kh 1
READ DRUM IDRM,IWRDI G

C

C CALCULATE RESIDUALS {DKLTA RIGH? HAND SIDE_

C

S 5Z 5rz osu_

DO 64 I,I+IUSE

5 $TZ SUM

54 O0 56 J't,IUSE

SUM'SUM÷G_I+J)*XqJ}

56 CONTINUE

DELTA(II-G(I,IUSEI}-SU_

IF IABSF(G(|*IUSEI)_-I,Ob 62+6_+6

60 DELTA(II*DELTA(I)/GIItlUSEI)

62 OSUM-ABSFCDELTA(IIP+OSUM

6_ CONTINUE

GO TO {66180),KAPUT

66 IF (DSUM-DSU_|I 74,80,68

68 KAPUT'2

DO 72 K-I,IUSE

72 XIK)-X(K)-DX(K)

Go To 5z

74 OSUMI'OSUM

s CLA ITERA

S ADO 11

S STO ITERA

S SUB MAX

S TZE*80

DO 78 I-IgIUSE

IF (_BSF(GII,IUSEI_I_I,O) 75,?_,76

75 G(ItIUSEII-DELTA(II

GO TO 78

76 G{I+IUSE])=DELTA(II_(I,TUSEI)

79 CO_TZ_E

GO TO ?
80 RETURN

196,_

1965

1966
1967

19613

1969

1970

1972

1972
1.973

1974

Z975

1976
l_Tr

1978

19_9

19_0

1881

19B2
1983

198_

1986

1987
1988

L989

_990

Z991

1992

1993

1'995

1996

1997

1998
1999

2000

2001

2OO2

20O8

2006

2O07

67
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SUBROUTINE MATRIX

C

C

C ON_)ON 0

EOUIVALENCE (GNl)* C{1}I, IG{420)J C(_20)I

EQUlVALENC[ (FORM(I}, C{III (FORM{15_, C(15)D

EOUlWL_NCE (ELMT(1), C(1611, {ELMTIIS), C(30)I

EOUIVALENCE (OATA(I_. C(3111, (DATA{231, C(83))

EOUlVALENCE _A(1). C(_2111, (A_13801, C(iT_0))

EQUIVALENCE _COEF_I), C_ZI_I tCOEFT(1850_.C_IVT0_I

EOUIVALENCE (ANS411, ¢(_211h (ANS[_5_), C(874)I

EOUIVALE_CF qHSU_. C(_2_P), (SSUM, C(42_I}

EQUIVALENCE (WTMOC, C[_26_I, {CP. C(_27))

EOulVALENC£ IOL_Pr, C[_28PI, [DLMTP, C(_29})

£Q'JIVALEN(£ (6AMMA, C(_30))° _ARATIO. C(43i)_

E_UlV_LE_£E lYriCS, CI_32)_, _SP I_P. CI_3_

EUUIVALENCE IVACl. C(_3_)). (CF, C(_36))

EOUlVAL_CE rRHOI, C(_37)). (RHOV_C, C_38)I

EOUlVALE_CE _R_O. C(_39))

EQUIVALENCE _EP Pl, C<_2)), (AW Pl, CI_3}]

EOUIV*LENC_ CT ETA. C(_))

EOUIVALENCE (ETA Io C(_6_), (EP _TA. C(_711

8QulVALENC_ (AW _TA. C_8)), (T SIG, C[_50_

EQUlVALENCE (S16 I. {(_8111, (_P S[G, C(_52_)

EOUlVALENC8 WAW 516, C(_53)I

EQUIVALENCE _ENII). C(17711_* {£N{90_, C(i8_O)}

EOUIVAL£_CE _OX_I), C_17711), (B0X[15). C(i785)}

EQUIVALENCE (_OF_ll. C[17861_, (S0F[I_), C(1800))

EQUIVALENCE (-X, C[I_OII_. {HF, C(IB02))

EQUIVALENC£ (VXPL8, C_18031), rVXMIN, C(180_))

EQUIVALENCE IVFPLS. CI1808)_, {VFMIN, C(IB06))

EOUIVALENCE (OEL _(_), C{195111. {DEL N{90_, C(20_0)}

EOUIVALENCE (COEFXIII, ¢_19511_, (C0EFX_201, C(1920)_

EOUlVALENCE (OX(ll, C[1951)_, tDX(20_, 0(1970_)

EQUlVAL_NCE (H0{ll, Cr20_ll), {H0(90), C(2130))

EOUlVALENC8 (S(II. C(ZI31_). (S(90_. C(Z_20})

EOUIVAL£_CE IXII), 0_2221)), _X_20), 0_22_0_1

EQUIVALENCE _FORMLA[I_. C(222i)}. (FORMLA(ia).C(22)811

EOUIVALENCE (DELTA{I_, C(22_I)_. (OELTA(20}, C(2260}_

EOUIVALENCE (BO(II, C(2261)}. tB0(i_)_ 0(2275_I

EOUIVALENCE (P0, ¢(2276))° (HSU80. O22721)

EQUIVALENCE (SO. C(2278)). (T LN, C(227911

EQUIVALENCE (T° C(2280)_. (AAY LN. C(2281)I

EOUIVALENCE (AAy. 2(2282)I, (CPSU_, C_2283_

EOUlVALENCE (HC. <1228_)I. _IC LN, CC2285_)

£OUIVALENCE (PCP(1). 0(228611, (PeP(Z5). C(231011

8_UIVALENCE (PROD(I}* C(2311)I, _PROD[31, C(_)3)}

E_UlV_LENCE (0Atu_(_i. C_2_III_, (O_TU_C3_ C(23t_I)

EOUIVALENCE (PC. C(2_l_)l. (IC* C(23t5))

EOUIVALENCE (IPROB. C(231611° (IFIXl, C(2317})

EOUlVAL£NC£ (I_8, C(2_101_* {I(OND, C(2319))

EO'_IVALENCE _ISYM* C(23201_, (IPROD, C(232i_

£OUIVALENCE IIO10, Cr23221), EL_RU_. C(2323)I

EOUIV_LENCE il_. Ct2323_, I_D_, C123_

EOUIVALENCE (L, C_232_I), {LI, C_232_))

EOUIVALSNC£ (M, Ct23271_, {_I, C(2328})

EOUlVALENCE (_, C_23291_, tlO, C(2330))

£QUlVALEN¢E (IQI, C_2831_). (IO2. C(2332))

EOUIVALENCE (I03, C(233))_. (_MAT, C(233_II

EOUlVALENCE (IMAT, C(2_35)), IIUS£, C{2335)I

EOUIVAL£NCE (IAOO, C(2_36)_, (ITNU_. C{23371)

EOUIVALENCE (ITAPE, C_23_81). _P. C{2_9)I

EOUIWALE_CE (IOEBU6. CW2_0)I, (IFROZ. C{23_!II

C

DIMSNSlO_ _(20.21). A(I_.901, E_Ig01, EN LN(90_

OIMENSION OEL N(90). _0(90). S(901, X{201

DI_£NSION 0ELTA(20}, 80_15). PCP_28), PROD_

DIMENSION COEFX(20), OX(Z0}, _0RM_), CO_FT(15._0)

DIMENSION EL_(15}. OAT_(231, C_TU_F_I. FOR_LA(IB)

C

0

C OET£_MINE WHIC_ MATRIX IS TO BE SET UP

C SE_0E LIG_I LI6HI ON

C i COMBU$110N TYPE

C 2 ASSIGNED TEMPERATURE

• • NOT CONVERGED

C

IOI.IQI

102.1QZ

IF ISENSE LIGHT 2) I,_

1 88_88 LIGHT 2

IF [SENSE LI6Ht _ 2_3

2 SENSE LIGHT 4

IFIXT'I

ISY_-IQI

00 TO I0

IFIXT-2

IMS.I

15VM-IO2

6O TO i0

IFIXT=2

IF (SENSE LIgHt II 5,6

SENSE LIGHI I

IMS't

ISYM" IO2

GO TO I0

6 IF (SgNSE LIGHT _ 7. 8

7 SENSE LIGHT

I_S-2

ISYM'IQI

00 TO I0

ISYM-102

C

C CLEAR MATRIX STORAGSS TO Z£RO

I0 DO 212 I-I.102

DO 211 K-I.IO_

G(I,K_. 0.0

211 CONTINUE

212 CONTINUE

ICON0-1

IF (L-IO) i_,21_,I_

21_ ICONO'2

C

C 0£GIN SET UP OF ITERATIO_ MATRIX

LIGHT OFF

EXPANSION TYPE

U_ASSIGNEO T6MPERAT')R£

CONVERGEO

2008

20O9

2010

2011

2012

2018

201_

201_

2016

2017

2018

2019

2020

2021

2O22
2023

2024

2025

2026
2027

2028

2029

2030

2031

2032

2033

2034

203_

2036
2037

2038

2039

?0_0

_o_i

2042

20_

20_
20_5

20_b

20_7

20_

20_9
2050

2051

2052

Z057

205_

Z055

?058

20_8

2059
2060

2061

2002
2063

2064
2065

2066

2067

206B

2089

2070

2071
2072

20_3

207_

2015

2078

207T

20_8

2079

2080
2081

2082

2083

2o8_

208_
2086

2087

20Be

2089

2090

2091

2092

2093

209_
2095

209_

2097

2098

2099

2200

2101

2102

2108

210_
210_

2106

Z107

210_
2109

2110

2111

2112

2113

2115

2117

2118
2119

2120

2121
2182

2123

21_6
2121
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70

ilO G(IQ2,1OI)- G41Q2,1GI}+MOtJI*ENIJ_
GO To 125

iI_ G(I02,1_l_- G(IQ2,1QI)_StJ}*EN{J_

12_ CONTINUE

130 GO TO (131°13_,IFIXT

]31KMAT-_02

GO TO I_6

I_3 _MAT-IQ_

X_6 I_AT-_MAT-I

COMPLETE THE RIGHT HAND SlOE

DO 14_ I-I,I_AT

GtI,_MAT)-GEI,KMATI-G(I,IQI)

_45 CONTINUE

DO I_O I-l_L

GIIp_MAT)- G_I,KMATI_ AAY*BO(1)

I_0 CONTINUE

P- GilO1tlOll

160 GIIOI,KMATI - GIIQh_MAT_ PO

G(IOI,IQI}-O°O

COMPLETE ENERGY ROW A_D TEMPERATURE COLUM_

IF (K_AT-I02_ _6_a5,165

16_ IF (IH$-2) X66_X_Sw168

_66 ENERGY-AA_(HSUBO/T}

GO TO 169

160 ENERGY- AAY_SO_PO-P

_69 GWIOZ_IO3)-GIIO?,I03)÷ ENERGY

GIIO2*IOZ_E GIIQ2,1_21÷CPSUM
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MAIN PROGRAM THREE

FROZEN COW'POSITION EXPANSION

COMMON C

EOUIVALENCE (Gf]l,

EQUIVALENCE (FORM(If,

EOUIVALENCE IELMTIII*

EOUIVALENCE [DATAIII,

EOUIVALENCE IAIII*

EOUIVALENCE ICOEFTIIJ*

EOOIVALENCE IANSIZ],

EOUIVALENCE IHSUM,

EOUlVALENCE (WTMOL,

EOUIVALENCE (DLMPT,

EQUIVALENCE (GAM_A,

EQUIVALENCE (VMACH,

EOUIVALENCE (VACI.

EOUIVALENCE (RHOI,

EOUIVALENCE _RHO.

EOUIVALENCE (T P|,

EOUIVALENCE rEP PI,

EOUlVALENCE (T ETa,

EOUIVALENCE (ETA I,

EOUIVALENCE IAW ETA,

EOUIVALENCE ISIG I*

EOUIVALENCE IAW SIG,

EOU_VALE_CE IENIII,

EOUlVALENCE qE0Xll],

EQUlVALENEE IBOFql],

E0UlVALENCE IHX,

EQUIVALENCE qVXPLS,

EOUlVALENCE IVFPLS,

EOUIVALENCE qEN LNII],

EOUIVALENCE qOEL N(l},

EO'_IVALENCE (COEFX(I_.

EOU[VALENCE (DX(I_,

EOUIVALENCE (HOE1),

EQUIVALENCE (S(1),

EOUIVALENCE (X_l),

EOUIVALENCE _EOR_LA_I)°

EOUIVALENCE IDELTA_I)°

EOUlVALENCE IBO(II,

EOUIVALENCE (PO.

EOUlVALENCE IS0,

EOUIVALENCE IT,

EOUIVALENCE IAAY,

EOUlVALENCE IHC.

EOUlVALENEE IPCPlII,

EOUIV_LENEE qPROO(I]°

EQUIVALENCE _DATUMqZ),

EOUIVALENCE (PC,

EOUIVALENCE (IPROB,

EGUIVALENCE (IHS,

EOUIVALENCE ([SYM,

EOUIVALENCE (IDID,

EOUIVALENCE (IDRM.

EOUIVALENCE EL,

EOUIVALENCE (M,

FOUIVALENCE _N,

EOUIVALENCE II01,

EOUIVALE_CE II03,

EQUlVALENCE IIMAT*

EOUIVALENCE _IADO,

EOUIVALENCE IITAPEp

EQUZVALENCE IIDEBUG.

DIMENSIOn G(ZO,ZI)°

DI'4ENSION DEL NERO),

DIMENSION DELTA(ZOO,

DIMENSION COEEX(20).

DIMENSION ELMT_I_),

DIMENSION BOXfI_},

c(1)),

CEll).

c(161)*

CI311)*

c(_21)lo

c(_2111,
CI_ZIll,

Cl_2_ll,
C1_26)I.

C(4ZsII,

C(43oII,
C_432II,

c_437)),

C(439I)

C(440)_°

C(442_1,
CI_45_I

C(_46)),

Cl177111

CI177111

CI178611

CIISOI)I
CIISO_)I

C1180_)1

CI1861]1

CIIg_III

C(_93zIl_

c_2131_)_

C(ZZZZ)I.

c(2221_I,

C(2261)t,
c(2276)}_

(G(_20I. C(420))

(FORM(15), C(15))

(ELMTI15) CI30))

_DATA(Z3_, C{_I)

IAI13501. CI17TO))

ICOEFIII330_,CII7701_

(EP, CI_2711

(DLMTP, CI_ZR}I

(ARATIO. CI_Z)I

ISP IMP, CI_3_)}

(CF° CI_OI)

(RHDVAE. C_38_}

IRI I° C(4_I_)

_AW PI, C(_43}_

(EP ETA. CI4_7_

(T SIG, CI450}I

IEP SIG, CI_52))

_ENIR0_, C(l_OOll

IBOXCI_, C(17ESII

IBOF{I_), C_l_OOIl

IHF, CIIED211

IVXMIN, CI180_II

qVEMIN, C{180611

IEN LNIRO], C[19_Oll

qOEL NIRO_ CI20_O_

(COEFX_ZO), Cllg?O)_

COX(20)* CIIRT0]:

(HD(90_, C_Z130)_

(ScROd, Cq222_)}

_FORMLA{ZE),C(Z238_I

(DELTA(ZO), C{ZZ_O))

_BO_15)_ C(ZZTS_)

_MSUBO. C(22_7_

C(ZZT8)). [T LN.

C(22BOl), {AAY LN,

C{2282)I, {CPSUM,

C(228_I_t (TC LN_

C{2286]P. IPCP{2_],

C{231]}I, IPROD{3],

CIZ3119], IOATUNI31P

Cq231_)I, (TEE

Cq2916)], _IFIXT,

CIZ3lB)}m (ICO_D,

C(2320]}, (IRROD,

CIZ3ZZ)). (LDRUM°

CI2323)]l (KDRUM,

C_Z3Z3))° (L_.

C(Z3271), (_I,

c(z3zR)I, IIO,

E[2@3311. (KMAT.

Cl2)_511, IIUSE,
C{23)611, IITNUMB,

C12_)8II_ IP.

CI2)_D]II IIFROZ_

A_I3,_Ol, EN_?OI,

HOIRO), S(RD),

BO(15], PCP(25)°

DX{ZO), FORM(_I,

DATA{Z3I, DATUM{RI,

C_2279))
CI22B_])

C(22B_l)

C(228511

C(23101)

CI231_I

C12_15_

C12_19I
CIZ_2_I

C1232_)

ClZ3Z_I

C12_261

C123Z_

C(23_2)_
C[233_I_

C(233_I_

EN LNIRDI

XlZO_
PROOI_J

EOEFTII_,RO_

FORMLAI_8_

S_STM(_5I

NO FROZ=O

MISSED'D

READ DRUM _.I,ANS

IADD'I

ITRDT-3

ALPHA'O,0

0o 7 J-1,N

IF (EN_JII 6,6.15

15 IF (J-M} 5°3,7

EN LN(J)=LOOF(EN(J_)

ALPHA-ALPHA÷EN(J)

GO TO 7

6 EN LN(JI_O,O
EN_J)=O,O

? CONTINUE

WTNOLF-ALPH_mWTMK)L

PC-ANS(_I

f LN-LOGFIANS{31)

HC-ANSI_]/I,98?26

SO" IAN_I_IeWTMOLF/] "RBTZE)*ALPHAmLOGFIRC/ALPHA)

DLMPT'O,O

DL_TP=D.D

WRITE DRUM _,],ANS

BEDIM CALCULATIONS FOR CURRENT POINT

CHECK TEMPERATURE RANG,: OF THERMODYNAMIC DATA

13 READ DRUM KDRU_,_,COEFT

17 T-EXPF(T LN)

19 IF fCOEFT(T,II-TI 21,ZT_Z7

Zl IF (COEFT¢?,]]-SOOO,0I 23,2Z,_3_

22 IF IIADD-2) 51,51,51
E_ BACKSPACE ITAPE

BACKSPACE ITAPE

25 READ TAPE ITAPE. ((COEFTIKIJ)mK-I,I$),J=I,?0)

WRITE DRUM KDRUMt|tCOEFT

SENSE LIGHT

GO TO 19

27 IF (T-COEFTI6,1)I 29.3E_33
29 iF (30O,OmCOEFT(6_I)_ 25_22._51

_1 IF (SENSE LIGHT _I 38,_05

LEAVE F_OZeN P_OGRA_ IF _TA FOR AN_ s_c_ PUNS O_T

22so

2281

ZE82

228_

22e_
2Ee5

2286
2287

2288

2289

229O

2291

2292
2295

229_

229_

2296

2297
Z298

2?99

Z_O0

230Z

2303

230_

230E

2_06

250T
Z30e

Z_o9

2510
2311

2512

2515

Z31_

2315

2_16

2317
2518

2319

E320

2521

232E
232_

232_

2_z_

2326
232_

2_ZB

233o

2551
Z332

2_3_

2_3_

Z_3_
Z3_7

2_38

2539

2_4o

Z_2
23_

23_

23_

23_7

2S_e

23_9

23_I

2_z

2_s_

_3S_
z3s_

_3s6

Z3_?

z_39

2560

236z

236_

2363

2564
2565

2566

Z36T
Z36E

2569

2_TO

2571
2572

2575

237_

z_76

Z377

E_78

2379
238O

E_81

Z_a2

E_8_
Z3e_

23e3

2586

Z3_7

23Be
Z_B9

2_9o

2_9!
2_9z

2_93

2_9_

239_

2596
z397

Z_8

2_99
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MAIN PROGRAM FOURCHAPMAN-_UGUET DETONATIONS

CON',ON ¢

EO'IIVALENCE (G(]). CEll), {G(_20). C(_20))

EQUIVALENCE (FORMII), Cflll, {FORNIIE). C(IEI)

EQUIVALENCE {ELMT(I). C{1611, IELMTIIS), C(3OI)

EQUIVALENCE IDATAIll, C(3111* (DATAI23), C(53()

EQUIVALENCE CA(lIT CC_/IIh (AtI350It C(1770(_

EQUIVALENCE (COEFTII]b C(_2111, (CQEFT(ID50),C(I?70))

EQUIVALENCE CANS(IT, CI_211)l (ANS(_54)I C(E?_(I

EQUIVALENCE (HSUM+ (lsE_()! (SSUMI C{G251)

EQUIVALENCE (WTMOL_ C(_26))I (C p , C(SZT]]

EQUIVALENCE (DLMP_t CISZE)_p (OLMTP, C(SE911

EQUIVALENCE (GAMMA, E(_30(iB (ARATIO* E(431))

EQUIVALENCE (VMACH, C(@32()4 (SR IMP, CI_33()

EQUIVALENCE (VACI, C(_3_}). (CF* C(436))

EQUIVALENCE (RHOI, E(_)?)). (RHOVAC, C(_3B)}

EQUIVALENCE IRHO, Ct439))

EQUIVALENCE (I Pit C{_WOII, {Pl I, C(WWIP)

EQUIVALENCE (EP Pll C[_21), (AW Pl, C(4_311
EOUIVALENCE (T ETA, C{_511

EQUIVALENCE (EIA I. C{_461), iEP ETA, C[_?II

EQUIVALENCE lAW ETA, CI#_8))_ (I 5#O, C$_5OII

EQUIVALENCE (SIG I, C(_511}, (EP $1O, C{_52)I

EQUIVALENCE (AW S/G, CI_5)II

EQUIVALENCE (EN(I). EEl?Till, (ENI90}_ CIIBEOl)

EQUIVALENCE (BOX(1)* CWI??II}, (q0X(15), C(1785)}

EQUIVALENCE (_OF(]), C(1786))* (BOgI15)_ C(1800)}

EQUIVALENCE (HX, C(1801((_ (ME* C(1802))

EQUIVALENCE (VXPLS, C(1803}) (VXMIN, C(IBOS))

EQUIVALENCE (VFPLS. C(1805)}, iVFMIN* C(IE0b))

EQUIVALENCE (EN LN(II, C(_8bli)* (EN LN(90). C(19EO))

EQUIVALENCE (DEL N(I_, C(1951)), (DEL N{90_* Ci20_0))

EQUIVALENCE {COEFXIII, C(195111, rEOEFX(201, C(1970)}

EQUIVALENCE IDXII], C(19511), {DX{20_, C_1970_I
EQUIVALENCE {MOll], CI2OWII), (NO{90(, C[2130Ik

EQUIVALENCE (SLIT, C[213lII, IS{90)_ C(2220_

EQUIVALENCE Ix(l], C[222|)1. IX(20), Cf22_O)_

EQUIVALENCE (FORML_(II_ C(2221]I, lFOP_L_(lel_C_22_8I)

EQUIVALENCE IDELTA(I+_ C(_2_I}) (DELTA(20}, C122_OII

EQUIVALENCE leO(1)* C(2261)I, (_O(15l* C(2275I)

EQUIVALENCE (PO. C(2226)], (HSUE0* C(2E??]I

EQUIVALENCE (50. C(227B(}. IT LN_ C(2279)I

EQUIVALENCE IT. CIEE80II. (AAY LN. C(22_I))

EQUIVALENCE (AAY* C(2282I), (CPSU_. CI2283))

EQUIVALENCE (_E, C(22Bk))* (TC LN. C(2285))

EQUIVALENCE (PCPI_, CI2286_I* (PCP125I, C(2310)1

EQUIVALENCE rPROD(II. C(2311_I, {PRODIGY, CI2313II

EQUIVALENCE CDATU_Fi_ C(231{)_, F_AT_I, C(23131_

EQUIVALENCE FRC, CI2314)k, ITC, C(23151F

EQUIVALENCE [IPROH, Cr2316l), {[FIXh C[2317lF

[QUIVALENCE (IHS, C(231_}1, II(OND_ C{23]9(I

EQUIVALENC_ (]SY_* C12320)I_ (IPR©D, Cr232I)l

EQUIVALENCE (IORM. C(23231)* _K_:U_', ,2(232_))

EQUIVALENCE EL, C(2325II, ILl, C(2_6)I

EQUIVALENCE _M, C_2327I) _'I* ,C(2_E&))

EQUIVALENCE 4N. C(2329Iim 41'_* C42330})

EOUIVAL6NCE [[Olm C(23311). [IQ2. C(23_2I)

EQUIVALENCE [[03, CI23331). IK_A?_ C(2_I)

EQUIVALENCE IIMATI CI23351)1 ([USE, CI2_5)_

EQUIVALFNCE {]ADO, C{2336II* {(TNUMPI C12337It

EQUIVALENCE tITAP_, C_2_g)), lp_ C/255_AA
EQUIVALENCE firEbUG* CI23_g]Ii (IFROZ, C[E3_]))

EOUIVALENCEIPI.C(8?S))

EQUIVALENCEITI*C(B?6}I

EQUIVALENCE(HI,C(8??))

EQUTVALENCEIAMI,C(BTB})

EQU[VALENCEiCON,C(879)}

EQUIVALFNCEiGAMF.C(BE0!)

EQU[VALEDICEIUUSIC(881FI

EQUIVALERCE[KODE,CI_82_

EQUIVALFNCEIUS,C(B85))

EQUIVALENCErPPPmC(88_)

EOUIVALENEE[TTT*C(R_?I_

EQ'IIVALENEEITE,ClE8_II

EQUIVALENCE(TEM,C[BE_(_

EQUIVALENCEIAMO_C(89OI)

EQUIVALENCE(UD,C(B91)}

C

DIMENSION GEE0*21). A_15,90}, EN(90), EN LN(90)

DIMENSION DEL N(90), HO(EO), 5(90), R(2O)

DIMENSION (_ELTA(2U). _0(15). PCP(25;, PROD(31

DIMENSION COEFX(2O_, D_(20_, FORM(15,(. COECT(15,EOl

DIMENSION ELATE15), DATAI23), DATUM(3), FORMLA(I@I

DIMENSION 6OX115), BOF(15I. ANS(_)* SYSTMI15]

C

C

REA_ _RUM _I_831JEAN

IF(JEAN-IOI}IDOmiOI_IOO

i00 WRITE OUTPUT TAPE 6_2

2 FORMAT (38H1 DETONATION VELOCIIy CALCULATIUNS)

READ DRUM _,482,_ODE

RE_D DRUM _,79D,OOF

READ DRUM _*I516,ACX*ACF.AMX*AM_

PPR=_5,0

CON-(ACF+OOF_ACX)I(I.0+OOF)

AMI=AMXeAMF_(_.D+OOFI/(AMX÷OOE_MF}

WRITE OUTPUT TAPE 6_I02,KODE

102 FDRMA_ [_X,SHKODE=II)

RCP(II=I.O/PPR

PCP[2)-O.0

R-1.98726

TTY=O,O

HI-HSUBOeR

PIlPC

TI=TC

PElPCm1_.696006

ITR=0

JEAN=|DI

_o HSUBO'MI/Re.75_TI/AMI*PPP

_2 WRITE DRUM _,_75,PI,TI,AMI,NI,ITR_R.CON_KOOE_JEAN

_1 CALL PONG{2)

101 READ DRUM _,I.ANS

RE%D DRUM _,A?5,RI.TI,AMI,MI.ITRsR,CON.KODE

GAM=GAMMA

IFIKODEI91,92,91

RI GAMMAIGAMMAe(].0+DLMPT)

2515
2516

2517

2518

2519
2520

2521

2522

2523

252_
2_25

E52_

2527

2E28

25_9

25_0
_531

_53E

2535
253_

2_37

EE_B

2E_9

25_O
25_1

25_2

2_

25_

25_5
2566

EE_

E549

2550
25E_

2552

EE_

255_

2555

2_56
2557

255_

2_5_
25_O

2561

2_62

2_6_

EE_

25_E
256_

_5_7

2568

25_
2_7_

2_7_

2_72
2573

2_7_

25?5
25_

25_T

252_

2579
25_G

25_
2582

25a_

2_a_

_5_5

2_e_
_582

_5_B

?5B9

Z591

2592

Z_3

2E9_

2_95
2596

25_7

2E9_

2599
26OO

2601

26O?

26O3

260_
Z609

2606

2602

2_8
2609

2_10

2612
2613

261_

2615

_616

26_?
26l_

2619

Z6ZD

2621

2622

2623
262_

2_2E

2626

2627

2628
2629

2630

Z6_l
26_2

26_3

263_
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ASSIGN _9 TO JJ

GO rO _0

39 CAS_=_FEM_XZ+TEMMIX2+I,0_*UD

X2"X2-1°O

WRITe OUTPUT TAPE 6_B_,XI,X2*CASE_

WRITe DRU_ _,ISIO,Xl,X2,CA$_

BI-_.O

ASSIGN _2 TO JJ

GO TO _0

32 XI-XI._OOO.O

X2-X2*IO00°0

CAS_3-_FEMIXI_TEMM.X2)mU_

_R_?E OUTPUT T_P[ 6_,Xl,X_,CASE_

_3 FORMAT 16X,20HHI AT TI,PI,_I -_EIT,B_

WRITE ORUM _IS_,Xl,X2,_ASE_

IPROB-I

UUS,9_°IB_96_SQRTF(GAMF*T_/A_I]

CALL PO_G_)

27_5
27_6

2737

2758
2759

Z760
276t

2762

276_

27b_

2765

276_

2767
_768

2769

2770

2771

_772
2773

277_

277_

2776

75
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78
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Z PARII,J)-ANS(J)
n:l

DO 3 J=20,3)
OERrI,NI-AnS(J)

N=I

J=Ea
DO _ JJ-I,NN

AMOL_I,_I=ANS_J_

J=J+_

4 N:N+!

IFIKTAPE-LENIIOO*I,]OO
100 REA_ TAPF _*(ANS{K_,K=|,_5_

KTAP_=_TAPE+I

1 CONTINUE

RETURN
c

C

C

SUBROUTINE ONCE (N,MI

C OUTPUTS ODD PRODUCTS

C

C

COMMON C

EOUIVALENCEITEM(I }, CII)), ITEM(10), C410])

EOUIVALENCE(FMTII ) Clll})* IFMT(3)* C(13))

EQUIVALENCE (K, Ct14))+ IKK, C([Si)

EQUIVALENCE I T ITLE i I I, C(479))+ (TITLE(315), C(793)

DIMENSION M(105I,TITLEIE,IOS) .TEN(10), FMT(3)

SA ALF 1:(12

S_ ALF 14X,2

SC ALF 27;(, 2

SD ALF 6OX12

SE ALF 53X,2
SAA ALE 66X,2

SP_8 ALE 79X12

SCC ALE 92X12
SOD ALF 105X,2

SEE AL _ 11SX,2

SFOR ALE 4 ].H+t
SAPE ALF AS)

WRITE OUTPUT TARE S+I

FMT 4 I ) -FOR

FMTiE)IAPE

TEMI i I.A

TEM(2)'8

TEMIEI'C

TEM(41"D
TEMfSI=E

TEM{SI'AA

TEMITI=BB

TEN{SI=CC
TEMIg]=DD

TEMIIO}'EE

K-0

KK=IO

DO IO I-I,N

J=MIll
IFI I-KK) 20,2(3,21

20 K=K+[

,i_°-iT°+
KK=KK+I0

WRITE OUTPUT TAPE 6,1

1 FORNAT( ]H )

5 FMTI21mTEM(K)
WRITE OUTPUT TAPE 6_FH_ITITLE(2tJItTITLEI3,J)

IG CONTINUE

C RETURN

C

C

SUBROUTINE COMP

• OUIRUT S COMPOSITION

C

C

COMMON C

EOUIVALENCE(FMT( II * C(II)_ IFMTI_I, CI_I

EQUIVALENCE ITEM[ i}, C(SII, (TENT41+ CIS)

EQUIVALENCE (K, C (91) • C/K, CI I0) I

EQUIVALENCE(AMOL( ] ) + E(117111, IAMOL(1365) i C12535}I

EQUIVALENCE (T ITLE ( I ) + C(479})p (TITLE_15)+ CI793]1

EQUIVALENCE t IOMIT( I ), C(?9_I), {IOMIT_I05), £Ie98)]

EQUIVALENCE ( ]LESS{ I b, C(Bg9)l, (ILESS11051, CllO0_)}

EQUIVALENCEI IN+ C(2539}), (N+ C125k0I}

EQUIVALENCE ( ME, C ( 25_2 ) )

DIMENSION AMOLI ).311051 tTI TLE I 3, I05 I, IOMI T IIO5 h ILESSI]05)

DIMENSION FMTI_I,IEM(_I

SA ALE ( iN÷,

SB ALF A6+FS,

SC ALE 5 }

SD ALF 7X,2

SE ALF 36X*Z
SF ALE 6_X+2

SG ALF 92X,2

SOMIT ALF OMIT

I FORMAT IIX+2A6,2X.]EF9,S)

3 FORMAT (1HO, IIBHADOITIONAL PRODUCTS WHICH WERE CONSIDERED BUT W

IHOSE MOLE FRACTIONS WERE LESS THAN 0,000005 FOR ALL ASSIGNED CONDI

2TIONS//I

FORMAT {lH0t 59HPRODUCTS WHICH wERE INTENTIONALLY OMITTED FROM

](ALCULAT ]ONS/I

TEM{II-D

TEMI21-E

TEMI3]=F

TEMI4]=G

FMTII}IA
FMT(3)IB

FMT4_I.C

K-O

K(.4
ION.0

ILE'O

IFIME-II61,60,61

61 WRITE OUTPUT TAPE 6,4_

60 II,O

DO 9 I-],N

¢LA TITLE It,11S

S SUB OMI'I

S TNZ *lO
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IOM:IOM*[
IOMIIIIOM;=I

GO [O 9

10 DO II JII,IN

IF[AMOLIJ,II-,EE-05III,tE,2?

IT CONTINUE

ILE=ILE+I
ILESSIILE_It

GO TO

12 [F{ME-I_E1,50,51

50 WRITE OUTPUT TAPE 6,1 ,T_TLE(2.I),TITLE_3,1},{AMO_{JJ,I_,Jj=I,INJ
GO TO 9

51 II=[I+l

IFE[I-KKIE00,200,20I

ZOO K=K+I

GO TO E
2OI _=1

WRITE OUTPUT TAPE _,4_
_4 FORMAT tlH

E F_T(Z}=TEM(K_

WRITE OUTPUT TAPE 6*_MI,rlTLE{Z,lP,TITLE{3,I},A_COL(1,I)
CONTINUE

IF_ILE) 21,20,21

2I WRITE OUTPUI IAPE 6,_

WRITE CUTPUT IAPE 6,3

CALL ONCE [[LE,ILESS_
20 IF{10M_ 3I,_0,31

_1 WRITE OUIPUT TAPE 6,_

WRITE OUTPUT TAPE 6_

(ALL ONCE _CM,IO_IT_
_0 RETURN

SUBROUTINE PERPAR

OUTPUTS PERFORMANCE PARAMETERS

COMMON C

EOUIVALENCEIN_(1)p Ctl}I,

EQUIVALENCEIPARIII_ EI79_)),

EQUIVALENCES]N, C(2_RIll

EOUIVALENCEIKODE, C(25_))

DIMENSION _'AR413,16),NN!I31

l0 FORMAT (EH P(IP,10X]

11 FORMAt (B_ P, ATM .7XI

]2 FORMAT (RH T, OEG K$BX,131R)

I3 FORMAT (RH H. CALIG_BX,I3FR*I)

I_ FORMAT (15H b, CAL/(G}(K) I)F£,_I
I5 FORMAT (IOHOM, WOL WT,EX,I3FR,])

tB FORMAT IIIH 10LM/DLPlI,_X,I]Fg,5)

IT FORMAT (flu (DLMIOLT)P,_X,13FQ,W)

I8 FORMAT (15H C P , CAL/_G!(K)I}FR,_)

19 FORMAT _BH GAMMA,RX,I3F£.4t

20 FORMAT 112H MACH NU_BER,3X,I)Fg,3)

21 FORMAT _I5HOCSTAR, FI/SEC I319_

22 FORMAT {3H CF,I2X,13FR,3)

2S FORMAT (BH AE/AT,RX,I)F9,9)

2_ FORMAT 415M IVACILB-SEC/LBI3FR,I_

25 _ORMAT (15H I, LB-SEC/LB 13FR,]I

IF(KODE-I)2,1,2

I WRITE OUTPUT TAPE a*ll)

11] FORMAT (8HOR, ATM ,TX}
GO TO

2 WRITE OUTPUT TAPE 6,;0

CALL VAR(1)

WRITE OUTPUT TAPE 6.11

3 CALL VAR(2)

0o 60 Ill,IN

6O NN(1)=PAR(I,))*,5

WRITE OUTPUT TAPE 6,12,1NN{II,I-I,INl

WRITE OUTPUT TAPE 6_I3_IPARII,_),I=I.INI

WRITE OUTPUT TAPE 6,t_{PAR{I*51,1=ItINI

WRITE OUTPUT TAPE &_IE_IPARIIIBIIIII,INI

IFtKOOE}_,5,6

6 WRITE OUTPUT TAPE 6116,(PAR(I_BDII=It]_

WRITE OUTPUT TAPE 6,IT,(PARII,g%,I=IIINI

WRITE OUTPUT faRE 6,18,{PAR(I_T),I-I,IN)

WRITE OUTRU/ faRE 6,1?,(PAR(I,10),I=I,IN)

• O RETURN

41 WRITE OUTPUT TAPE 6_20,[PAR(I,IE),I.I_IN)

DO 61 Ill,IN

6_ NN{II=PARII_IEI+,5

IF IMAY--II 5h50,51

50 WRITE OUTPUT TAPE 61311(NN(II,IIE_IN)

WRITE OUTPUT TAPE _t32,IPARII_IB}_I=2,1N}

WRITE OUTPUT TAPE B,33

C_LL VARrlZW

WRITE 0UlPUT TAPE _,3_,IPAR_I,I_),I'2_INI

WRITE OUTPUT TAPE _,35,(PARII*I_)_l=2,1_]

_1 FORMAT [IEHOCSTAR, FT/SEC ,RX,I2IR)

)2 FORMAT (3H CF,EIXII2FR,3)

3_ FORMAT [BH AE/AT,IBX*IEF9,3)

)4 FORMAT (15H IVAC,LB-SEC/LB,RXeI2F9,1)

35 FORMAT fISH I, LB-SEC/LB *gXelEF9*1)

RETURN

51 WRITE OUTPUT TAPE 6121,(NNNI),IIt,I_}
WRITE OUTPUT TAPE BI22,(PARlI,IBI,I=I_IN)

WRITE OUTPUT TAPE _12_

CALL VAR(II)

WRITE OUTPUT TAPE 6,2_(PARII,IWItI=I,IN)

WRITE OUTPUT TAPE _,25,(PARII,I3],I=I,IN)

RETURN

INNIIS), C(13l}

{PARI208), C(I001})

(MAY, C(25W3)}

SUBROUTINE VARIINDEXI

SPECIAL FORMAT FOR PC/P_R* AND AE/AT

COWMON C

EQUIVALENCEITE_MIIII CIll),

E_UIVALENCEIAM(Ill C(IW)),

EOUlVACE_CEITE_(I_* C¢18)_,

EOUIVALENCEIFMfII_, C_2_},

(TEMM(]3), ClI))l

_AM(_), CllT)l

(IEM(_I, CI21}I

(FqTI_), CIE_I
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APPEITDIX D

PROGRAM LISTING FOR IBM 7090

c MAIN PROGRAM

C

L

COMMON C

EQUIVALENCE (GEl(+ ClIl(, IGI_201, CI42088

EQUIVALENCE CANS(If, CI_211), ¢ANSI_S_I* C(874))

EQUIVALENCE (HSUM, CI_2_lh ISSUM* CI_ZE))

EQUIVALENCE IWT_OL, C1_261(, ICP. C(427))

EQUIVALENCE (OLMPT. Cl_Z81h (DLNTP, C(429))
EQUIVALENCE (GAMMA, CI430]), (ARATIO, CI43111

EQUIVALENCE (VMACH, C14321), ISP IMP, C(_3311

EQUIVALENCE _VACI, C4_3413, ICF, CI_3611

EQUIVALENCE IRHOIt CI_3731, (RMOVACI CI438)1
EQUIVALENCE IRHO* CI_3931

EQUIVALENCE (T Pl, c14401)I (Pl /1 C(_lll
EQUIVALENCE I_P Pl. C4_2)(, CAW Pl, C(_ll

EQUIVALENCE tT ETA* C44_511

EQUIVALENCE (ETA I* C4446)), (EP ETA, C(_'711

EQUIVALENCE CAW ETA, CI_*8])t IT SIG* C(4EO)I

EQUIVALENCE (SIG I, CI49IIh IEP SIG, C¢432))

EQUIVALENCE IAW SIG. C1_381l

EQUIVALENCE (ANSLAB(Ilt CI87311* IANSLAB(_5_Ie CII)ZSll
EQUIVALENCE (FORM(I}* C(1329}l, IFORNIIS)D C(1)NAI)

EQ'JIVALENCE (ELMTII), C{18_411, IELMT(ISh C(13_811

EQUIVALENCE ILLMTW]}+ C[I]4_I_* {LLMT(151| C(13E811

EQUIVALENCE WOATA(IJ* C(13391h IDATA(2_)t C(138111

EQUIVALENCE I_DATAII}, CI1359)1. INDAEA(231, C(138111

EQUIVALENCE IENil), C(]382111 IEN{901, C(14711)

EQUIVALENCE IISYS, C{l_7211t (JEAN* C(147313

EQUIVALENCE lACE, ClI47411, IACF, CI1475)1
EQUIVALENCE (AMXI C(14761), IAMF, C(1477))

EQUIVALENCE IRHOX+ ClimES1), IR;'_DF, C(1_79})

EQUIVALENCE ICOEFXII_* CI1_80)1, ICOEFXIZO(, C(l_99}l

EQUIVALENCE (DXII], CIIEOOI), (DX1201. C(1519))

EQUIVALENCE {FORNLAIII_ CII_ZO)), (FORMLAI18}. C(1_371]

EQUIVALENCE {_LAI_I, C(1520)), (_MLA(18)* C(15371)

EQUIVALENCE [PRO0111* C(15881}, IPRODIJ), C(IS_OI}

EQUIVALENCE ISYSTM[II_ CI1_41(), ISY$TMIIEI, C(IS5581

EQUIVALENCE IWTSYS{II* CI]_&]))* (MTSYSf131, C(IE3_H

EQUIVALENCE {OF, CII_ESll, {FPCT, C(155711
EQUIVALENCE IEQRAT, CI155811

EQUIVALENCE [KODE, CI1339()_ (KASE_ CI186011

EQUIVALENCE {KONT* C(1561]I. (NF_ C(I_621}

EQUIVALENCE I_O, C1136311. INE_ CIIS6AII
EQUIVALENCE (NOEQ, C(156511

EQUIVALENCE (B0Xfl). C(1771)I, (8OXll_l, CILT8511

EQUIVALENCE t80F(l), C(178611. I_OF(151, CIlSOOII

EQUIVALENCE (:_X, C(1801)}+ (HE, C11802]I

EQUIVALENCE IVXPLS, C(IBO31)+ (VXMIN. CIIBO_II

EQUIVALENCE (VFPLS, C_18051), (VFNIN, CI100611
EQUIVALENCE (EN LN(II, CII861Jl, (EN LNI90], C(19E0_(

EQUIVALENCE (GEL NEll C(195111+ IOEL NIT01, C(ZQWO))

EOUIVALENC_ (H0411. CI20_I)l+ IH01901_ CI21308t

EQUIVALENCE ISIll, C_213]}1. ISI901* C/ZZ2018

EQUIVALENCE (X(ll, CI2_2111* IXl_0l* CIZZ_0))

EQUIVALENCE (OELTAIII* CI224I)1, IDELTA(2OIt CI226018

EQUIVALENCE (80(18. CIZZ6I)I, IBOIISI* CI227583

EQUIVALENCE (PO. CI22761]t IHSUBO, C(22/7)1

EQUIVALENCE ISO, cIz278)l, IT LN, CIZZ79)t
EQUIVALENCE IT. CI2280l I_ IAAY LN, C(Z_81)I

EQUIVALENCE IAAYt C_ZZ8231, (CPSUMI C{2283))
EQUIVALENCE (MC_ C4228411_ ITC LNI CIZZBE)_

EQUIVALENCE IPCP(II, CI2286)1. (PCPIZ_It C(231011

EQUIVALENCE 49ATUM4£1+ CI231131+ 10ATUMI3_+ CI231311

EQUIVALENCE (PC) CI231_)1, ITC* CI231E))
EQUIVALENCE IIPRO_) C(231611, IIFIXT. C(2317))
EQUIVALENCE ItHS, CI231811_ IICOND, C(231911

EQUIVALENCE IISY_, EI23201 I) {IRROOt C(282181

EQUIVALENCE IIDID, C_23221)* ILORUM) CI2323()

EQUIVALENCE IIDRN_ Cr232818, (KDRUM* Cl2326))
EQUIVALENCE ILt C[23231). (Lll C{232811

EQUIVALENCE IN* C[232713. {_1, C(2328I_

EQUIVALENCE (N, C_2329l), (IO, CI2330))
EQUIVALENCE IQ_) C[23_111+ (IO2) C(233ZII

EQUIVALENCE IQS) CI23331), (_NAT, C(233_))

EQUIVALENCE I_AT) CI23331), (IUSE, C(2338))

EQUIVALENCE IADD) CI23361}1 (ITNU_B_ C(233711

EQUIVALENCE ITAPEt C123381), I_) C(2339)}

EQUIVALENCE IDEBUG, C(23_0))) (IFROZ, CI2341)l
EQUIVALENCE IAIII. CI23_2)), (AI1330). C(3691)1

EQUIVALENCE ICOEFTEIIh CI3_921). {COEFII(138011CI50_111

EQUIVALENCE ICOEFTZIIh C(30_233, tCOEFTZ(_3501, CI639111
EOUIVALENCE [COEFT{II) Cl6892)). (COEFTI13508_ CI774111

EQUIVALENCE [ATOMIll, C(77_211) (ATOMISQ31. CISO_I)

EQUIVALENCE IMATONiII, CI77_ZI(_ (MATO_(303h C(80_II

EQUIVALENCE [KORE_ C(80WT)I

EQUIVALENCE[_T,0MTI

EQUIVALENCE [HS,HHSI*ITS,_TSI,(PT,MPTIeITP)NTPI.IOET,MDET)

EQUIVALENCE (PROB)MPROR)IIENO,NENOI

EQUIVALENCE ITMLMtMTML,!) , IBLK)_LK)
C

01MENSION G(20,21h A(IE,90). EN(90I, EN LN(901

DIMENSION DEL N(9O), H01903, 5(90)) El201

DIMENSION DELTAIZO)I BOI1588 PCPI231. PROD(_)
DIMENSION COEFX_2Ot, 0x(208, FORMI151

DI'tENSION COEFTIII3,901 • COEFEZ(IS.90)

DIHENSION ELMTI]3), DATAIZ3). DATU'_I3h FORMLAII8_

DIMENSION BOXllEl, 80FllS)_ ANSI_5_I, SYSTM(151

DIMENSION LLMTII31,MESYSilSI*_DATAI231

DI_ENSIO_ ANSLA8(_5_. COEFTII_.901
DIMENSION MATO_(IOI,3}_ ATONIIOI,_I

BI H S=307362606060

0 T S-637362606060

B P T'_77868606060
S T P=6873_TSO6060

0 OET-Z&Z863_Sb060

ENDi2_4_24606060
BLK-OOOOOOOOOO60

0 0_IT-464481686060

8 0MT'606060606060
C
C

C READ IN INPUT ORTA
C

IF lisvs-gel _01,_03,_01
_08 READ TAPE 38(Glll)[-I)SO_I

REWIND 3

IF (SENSE SWITCH 6) 651,719

O00I
0oo2

0003

oo0_

0O05

000_

0OO7
0008

0009

0010

0011

0012
OO13

OO1_

0013

OO16
0017

O018

0019

0020

0021
OO22

0023

002_

002_

00?6
0027

ooze

0029

O0_0

0031

0031
O033

003_

0035
0036

0037

003e

0039

00_O
00_1

00_2

00_3

00_
O0_E

00+6

00_7
00_8

0049

0050

DOE1

O0_2

00_3

O0_
00ES

00_6

O0_7
OO_a

0039

0060

0061
0062

0003
006*

O06_

006_

0067

0068
0069

0070

0071

0072
007_

O07_

0075

0076

0077
O07B

0079

0080
0081

0082

OO83

0084

ooaE
OO86

OO0_

OO88

0089

0090

0091
0092

0093

009_
0095

0096

O097

0090

0099

0100
o101

0102

0103
010_

010_

0106

0107

0105

0109
0110

0111

0112

0113
0114

0113

0116

0117

0118
0119

0120
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.011SYS.99 0121
IFR02.0 0122

P&OSE 11111 0123

429 CALL INPUT 0124
IF ILl 651,631,q33 OlBB

_3 W_ITE OUTPUT TAPE 6,++3. _X,VXPLS_VXmI_._F.VFPL_.VFmI_ Ol2b

1, IELMT(II.BOXIII,BOFIIhl-hLI 0127

443 FORMAT (IOHIOXIDANT 3EI6ob/IOH FUEL 3Elb°b/IIH ABtBEBO°BII 012B
C 0129

C RIGHT _OJUST ECE_E_r Sr'_SOLS 0130

C 0131

O0 447 K=I.L 0132

TMLM = ELMTIKI 0133

ELMT(KI • A_SFI2_, T_CM_ 0134
B TML_ - ELMT{KJ *0 0O0?7 0135

IF IMTMLM-MBLKI 4_7,1_47,_7 01_6

14_7 T_LM = ELMT{KP 01_7

ELMII_ • ARS_(6, T_LM_ 013B

_47 CONTINUE 0139
IFISYSTMIL+lII_33,920,_BB Ol_O

92O IF IBYSTM(L_) 921,453.9B1 01_1

921 00 449 _.I.L 01_2

DO _B J-I,L 0143
IF tLLMT(<I-MTSYSIJI) 448o449.44e 0144

.4B CONTINUE 01_5

GO TO _33 01_6

449 CONTINUE 0147
C 014e

C CANCEL ---OMITS---FROM PREVIOUS PROBLEM 0149

C 01_0

_52 _O 1_52 J=I,H 01_1

COEFTIII*J) = O_T 01_2

C_EFTBII_J_ = D_T 015_
1_52 COEFTII,J) = D_T Ol_

IUSE'I D155

GO TO 59B OrB6

_53 DO _59 _=1,1_ 0157

_59 SYST_{KI'ELMTtK_ O15B

CALL B_RCH 01S9

598 IF IIUSE-21 600,635,_ 0160
? 0161

C SET ARRA_ PROD T J _Y"ASS ALL CONDENSED PHASES Olb2

C 01_3

_0 PRODI1)=D.O Olb"

POOD_2_D.O 016S
IF IM-35_ 19_,l_B,11_B 0166

_1_8 I_ _-_0) 1_9,199,11_9 0167

_1_9 IF 1_-901 200,200,6_5 O16B

h|gB P_OEItT_=_7_777777777 0169

B PRCDIB) = _77777777777 0170

_P=PR_2] 0171
P_OD<I}=_SrIMoTmP_ 0172

GO r_ 2_1 0173

_99 M12 = _-35 0174

PROD¢BI = 377777777_7_ 017_
TmP=PROD_BI 0176

PROD_2_=ARS_12,T_P) D177

GO TO 201 O17B

2O0 MI2 _ M-70 0129
PRO_IBI • 3777777777_ 0180

_P=PROD )

201 IQfL 0183

IOl=lo*l 0104

I02=I01+1 0185

I03-I02+I 0186

LI=IOI 0157

Mlffi_+l 0188

C 01B9

C DETERMINE WHICH GASEOUS SPECIES SHOULD BE OMITTED FROM THE PROBLEM 0190

C AND WHICH CONDENSED S_ECIES SHOULD BE USED IN THE FIRST ITERATION 0191

C O192

203 READ INPUT TAPE 7*204,(OATA(1),I'I,B) 0193

20_ FORMAT (_IBkT,3Xlt 019_

B BJW=DATAfIIIf-DMT) 019B

B IF_SJW)BDTeBBOe207 0196
207 _0 21? Kffil,k 0197

00 211JfI,N 0198

DO 20_ 1=2+3 0199

KKf2*K*I-) 0200

B SJ'_:OATA(KK)el-COEFTBII,J)I 0201

B IF(SJW1211,208,211 0202

B0B CONTINUE 0203

IF ¢J-M_ 209_209p210 O20_

209 CALL BYPASS (J.B) 020B

11209 GO TO 212 0200

210 CALL BYPASS (J,3) 0207
11210 GO TO 21_ 020S

211 CONTINUE 0209

213 CONTINUE 02_0
GO TO 20_ 0211

220 COnTInUE 0212

00 222 J=l*_ 0213

C_LL BYPASS(J*_) 021_
IF (IPROD - 2I 221_222_221 02]3

221 COEFTIII,JI . G_T 0216

COEFT2II_JI-OM[T 0217

222 CONTINUE OBlO
c 0219

c _RR_N_E _NSWER REGIO+N 0220

C 0221

Ill 0222
00 602 J-E,N O220

ANSf|#=COEFTZ(LeJ_ 0B2_

ANSII÷ll-COEFTBI2*JI 0225

&NS(I+21-COEFT213+J) 0226

ANS(I+31 • 0,0 0227

BO2 I,l+_ 022s

KIIIN 0229
605 ImK+3_ 0230

ANSIIIIANSIKI 029l

K-_-I O232
IF (El 65E,607.60_ 0233

607 00 609 K-I,3_ O23_

609 ANSIK} • O,O 0233

00 1700 _. 1, _3_ 023b
17oo ANSLABIEI • ANSIK) 0237

00 17Ol J - 1, 13 0230

00 1701-K - 1, 90 0239

1701CO_FTIJeK) • CDEFTIIJ_KI 0240
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C DETERMINE THE TYPE OF PROBLEM

C

700 IFROE=I

701 READ INPUT TAPE 7,703,PROePKASE

703 F_AT (_5_151

IF IMPROB-MHSI 705p901,70_

901 IPROB=I

60 TO ?i_

705 IF IMRROB-MTSI 707p902,707

902 [PRDB-Z

&O TO 7]9

70? IF I_PROD-MPT) 709,gD3,70_

90_ [PROB=3

GO TO 715

7Q9 IF {MPROB-MTPF 7II_90N,71E

QG4 IPROB=4

GO TO 7rE

?II IF (MPROB-MDET) 713,gO5,713

905 IPROB=I

IFROZ--t

oo TO 71_

715 DO _IB K.I,85

T16 PCPI_}=O.O

e=0

ill6 READ INPUT TAPE 7,TIB*fG(_),K=I,5)

IF;G[_)ITI9,?19,?I?

717 DO 17t7 K:I,5

I¢:I*K

1?17 PCP(IK_=O(K)

I=I+5

_o TO |ZI6

718 FORMATISFIO.2)

DETERMINE THE ASSIGNED VALUES FOR THE PROBLEM

719 READ INPUI TAPE 7,72JIE_RAT,O F,F PC?,PC,TC,KODE,IDEBUG

721 FORMAT i6FlO,2*lS*16x*Jt_
LF tEQRA(I 725,725,72_

723 O F=t-EORAT*VFMIN-VFRLSp/(VXPLS+EQRATmVXMIN)

F PCT:IOO.O/II.O+C F_

GO TO 7_E
7_8 IF to FI 73|,731,727

IZ? F PCT=IOO.OI(I.0÷O F)

?29 EORAT=ABSF((O FmVXPLS+VFPLS)/(O F*V_MIN+VFMIN))

:,o xo 7_

731 IF (F PCT) 708,700¢T33
1_3 o F:(lOB.8-F PCT$/F PET

IF (_ F) 719,17_)_729

733 ]F (VF_IN; 729, ?_6,T29

745 IF Io F} 7]9,7_6,746

7_6 DO 747 ]_I,L

7_7 BOIII=IO F_BOX_II*BOFIll)/II,0÷O F)

IF IIPROB-IP bEl,7_?,?_B

748 H_UBO=O.O

30 T3 75E

749 HSUBO=(O F_HX.HF)I(I.O+O FI

185 WRITE OUTPUT TAPE 6,760,K_SE,PROB,0 E,F PC/.EQRAT,_C,HSU88,

1 (@o(1)*I=l,k]

760 FORMAT (]HIIS_3XI_6/IH 4EJT,@/[iH 7EI7.8)I
HSUB0=HSUBO/l.98726

DO 1771 I • l, 45_

T?l ANSII} = ANSLAB(II

RHO=RHOX÷O F*RHOF

[F IRHOJ 778,TTZ,T7I
771R.O:Ii.O*O FI_RMOX*RHOFIRHO

172 DO 1772 1 • i, _5_

1772 ANBLABII# : _NS[II

775 IF ([FROE) 777,eSl_??g

71_ CALL CORE_

IF (KORE) 1,77g*]
779 CA_L 8OREE

GO TO I

c

C ERROR PRINT OUT

C

b31 WRITE OUTPUT TAPE G_G33,PROB.KASE

633 FORMAT [BIHITHERE 15 NO PROBLEM A6,ZX,15_

GO TO _|

835 WRITE OU/PUT TAPE 6_6R?

_37 FORMAt [47HITROUBLE IN COMPItI_ MASTFR TMERMOOYNAMIC TAPE)

REWI,4D

_3_ READ TARF W.tOATAil),]_l,23_

WRITE OIJTPUT TAPE 6,b4O,(PAT_III,I=Io23)

6_u FORMAT Ilh _AB,2FIO.I/ID _ 2FB.I,TEI4.bII

IF 4MDATA_lt-MEND) 63_,90B,639

_C*_ITE C_T;L'/ f_PE 6_643, (ICOFFTIIK.J),K:I,I_I,J=I,_]

WRITE OEITRtlT TAPE 6_43, {(CBEFTZ(K,.I]*K=I_I_)*J=I,MI

b43 FORMAT {l_ 3Ab,2FI',,_/ZFS,I,TEI2,4//)

bSl RE_I_D
PAOSE 77??7

0_I

0_42

0_3

OZ_5

OZ_

oz_?

BZ_B

OZ_9

8858

0851

O2_Z

8253

O255

0_5_

O_T

O258

02_9

O_O

OZ_l

0Z62

086_

0868

8266

O267

0268

OZe9

0271

O_TZ

027_

OZT_

O275

OZ_6

O277

0278

OZT9

OZBO

02_I

02S2

02S3

028_

0285

0286

OZ_

O289

OZ_O

OZgi

029Z

O293

OZg_

0295

O296

0297

0298

O299

0_00

0301

0382

03O4

030_

03Be

03O7

030_

O3O9

O_tO

O_il

O_iZ

O_l_

O_IB

03i9

0_?0

O3Zl

03ZZ

03z3

032_

0_25

O_2e

0127

8_2S

032_

0_30

0331

0_32
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SLI_ROUT TN_ S_A_CH

C D_MON C

_UIVALE_CE _A_S_I_ C_421P_ (ANS_b, C(BT_})

E_EVALENCE (HSU_, _2_)b, _SSUM, C(_2_

_IVALENCE {WTM_L, Cr_26_, {CP, C(_77_

E_UIV_LENC£ _I _ , C_l_9)_, _O_TA_?_, C_l_l_

E_UIVALE_CF rA_X, Cr1_)_, (_M_, C(I_7_)}
_UIVAL[_CE {RH0×, C{I_?_)}, (RHOF, C(I_?_)

E_LIIV_L_CE _T, C_l_}_

E,_UlVALFNCE (NOE_, C(I_6_)_

E_UIVALE_E (BOX(1), _(1_?i)), (_OX_I_, C_I?B_}_

E_UIVALFN_ (BOFqI_, _(i_66)}, _BOF(I_), C(l_00_
E_U[_LENCE (HX, ¢(IB01_), {HF, C(l_02)_

_QUIVALENCE EVXPLS, C_IB_, _VX_IN, _(180_

EQUIVaLeNCE rVFPL_, _E_05_, (VFMI_, C{1806_

EO_IVALENCE _EN IN(_, C_1861_, _EN LN{90_, C(19_0_

E_UIVALENCE (SO, C(_B_o (T L_ C(2_

£QU[VALE_CE (_Y, C(2_B2)), _CPSUM, C(_2B_))
EQU[VALF_C_ (HC, _2_B_), _T_ LN, C_22B_)}

E_EVAL_NCE (PC, C_I_, _C* Cr2_

E_UIV_L_CE _IHS, C_2_18]_, _ICOND, C(_319_

_I_,JIVALENCE _IS_, C_2_O)_, _I_ROD, Ca23_l_

E,_UIVAL_NC_ dI_ID, C_2_2}_, (LDRUM_ C(2_

E_UIVALENCE _I_R_, C(2_23_), (KORU_, C(23_

E_U_WLENCE {_ADb, C_2_36_), {I_UMB, C_2_?_

_EM_NS_ON D_L NC_0J, HOlgO_, $190_, XI20_

L;_FNSIO_ _L_T(15}o _AT_2_, bATUM_3), FOR_LAqZsI

DIMFNSIO_ LL_T(15_,_TS_S(I_}_M_ATA_
DJ_SION _NSLAB_, CDEFT(15,90_

DIMENS_ MATOM(I_I,_), ATOM(_OI°_

C

C

B BLK=OOOOOOOOO0_O

B R_N,0000000000_

B BLPN-0OOOQCO¢OO?_

B G_S_000OO_O¢O2?

B SOL-0OOOOOOO0062
B BLI_=0OOOOOOO0043

PLS_OOOO_000020

B BMIN-O_OO0000OO40
B E-0OO000_O002_

B Cl0-_0OOOO00001_
B CI2-0OOOI_OOOOO0

B CFIO-OOOOI2OO0000

C
C

KION,2
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DO ] K=It_
_F (LLMT_--NE) l+E+X

) CO_TINU_
60 TO

2 KlO_-I

TEMP.ELMTCK_

ELMT(KJ-£LNtlI)

[LNT(L)=T£NP
3 I_OL.O

N=O

DO 4 J=|,L_

DO 4 _=XJ90

COEFT2(J*K) • 0o0
4 COEFtI(J,KI 0o0

O0 6 J=_*t3SO

6 A(J) • 0.0

REW_O 4
7 R_AO tAPE 4° tDATAI[I.Is]+_

IF (MOAtAI]I-MENOI 900+]71,900

UNPACK THE BeD FOR_LA FOR TH£ PROOUCT

900 DO 16 [=L*2

16 DATL_II)_DATA(IJ

I=!

X3 K-O

i? T_! = OATUN(1)
FOR_.AIJI • ARSF(_OtTMP_

DAT_4_Ii .ALSF_6 °T_I_

J=J÷!

eZ_ K • K÷!

_0 TO Z?

Z! _F(Z-]) 9_6,926,25

9Z6 :_I÷_

GO TO _

B[G]_ $[ARCH FO_ F_$T _0_ BLANK ALPhAnUmeRIC CHARACTER

29 J=_

9_] J • J-1
_0 tO 29

30 WRITE OUT_U_ tAPE 6_3X*IDATAIIItI=]t_I

3_ FORMAT _14H TH_ FORMULA _A6o_H )S JN_ORRECT C+_ tHE MASTER _AP_

GO T_

39 tTYPE=I

GO TO _7

41 IrYP[-2

_TJ=J-L

08TAX_ A_D STO_ T_E FORmUlA _UMS_RS A_KpJ_

DO _e Kol_

_U_B=O

IF _JC_T_ _O,Sl,Se

9_e GO TO t63teS)+NL_

GO TO 5?

3_ NLSW=2

_0 TO _7

9_9 _F (XC_t-2t 77D7_0

?? _P! FC_MLAIJ)

TMPI ALSF(Le*t_P_t

TMPL TMP! • _777777_?_?

iMP2 FORMLAIJI • _000

_NPl tMP L + T_P_
NUMO NUNO÷ MT_L

VALUE-NUMB

J-_-]CNt

NLSM+Z
GO TO 55

e_. GO TO 130,BS)pNkSW

85 IF IICHTI 960,30.960

96O _Y_BL • 0°0

]FINU_B)06*9_, 06

e6 ]F I]¢NT-2) 9_J09,30

e9 T_P! • FO_M_tJ-I)
SY_tB_ • ALSF(6,T_P_)

9_ IF(JOSTle0130,96

96 IF (_LA(J_-MP_$_ 97o970+97
97O FORMAL I=-I¢_T

GO TO X09

97 IF _MMLA_J_--_I_I _07°97_.X07

975 FORM(L)-ICNT
_0! GO TO I09

GO _0 7

i0_ FORM¢_ )-VALUE
_09 _=J-tCNT

_Z_ IF ¢XTVPE-X) 30,Z3_,L_?

GO tO I_

_37 _=eo* I SOL

t $OC-t 50L+!

0_53
045_

0_55

0456
0457

045e

0459

0_60
046 ]

0¢62

0_63

0_6_

046_
0_66

o_6e

o_69

0_72

0_7_

o47e

o_82

o+o+

o4a_

o486

o4e7

o4ee

Q489

o49o
o_91

o493
o49_

o_9_

o496

¢49?

o4ee
0499

o_0_

o_x3
0_14

O_L6

O_L7

o_le
O_L9

0_21
a_22

0_

0_2_

0_2_
0_26

0_27

0_29
O_O

0_32

0_3

0_35

0_36

0_

0_0

0_

0_6

0_7

0_!

0_
O_S_

OSS_

0_6

0_9

0S60

0_6]

O563

0566

0567
o56e

o_69

0_7o
o_7x

0572
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0_73
0574

0572

0276
0277

0_78
0279

0580

058Z

0_85

O587

O_B$

0595

059_

059_

0_

0599

O_O0

O602

O6O3

0_0_

06O6

0607

0610
06_1

0615

06_4

0616

0617

06_

0651

06Z_

065_

ObS_
O_Z_

0_

0_
O629

0_0
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0632

0633

063_

063_

0636

0637

0630
0639

0640

064[

06_2

06_3
0_44

064_

0646

0647
Ob4a

0649

06_1

06_2
06_3

06_4

06_

06_6

06_7
06_8

06_9

0660

0661

0662
0663

0664

066_

0666

0667

0668
O669

0670

0671
0672

0673

0674

067_

0676

0677
0676

0679

068O

0681

0682
06_3

O684

0685

O686
0687

0_88

0689

0691

06_2
0_93
069_

069_

0896

O697
O698

O699

0_01

O7O3

0_06

a707
C708

070_

O_IQ

0712

0713

071_

071_

071_
0717

0718

0_19

072O

07_1
0_22

07_3

072_

07_6

07_7
07_8

07Z9

0730

07_1
0732

073_

073_
073_

O736

O737
07_8

O739

074O
0741

0743

07_4
074_

0746

0747

0748

0749
O75O

0751



,2L;"%;°_

rEMP = CRSr<KL_,rE_P_

U PRODIKI = LLSFIKLN,TEMP)

IFIM-J)II,IO,IO

11 IQ3=102

IO2=I91

Iol-_o

1o =IO-1

GO ro 9

+EmP = LRSF<KLm,P++Pl
e IF (TEMP * i+ 110,+_,+11

II0 MTEMPcMTEMP-JFC(]_S

B PRODtKI = LLSFIKL_, IE_PI

IF{M-J]IZI)IO)IO

_21 IQ = lOi

IQI=102

IO2=JO_

IO3=_Q3*I

9 SENS_ LIGHt

Io RETURS

075_
0_53

0755
O756

0757

0758

O759

O76O

076!
076_

076_

076_

0765

O766

0767
076e

O769

O77O

0771
0772

0773

077_

O775

07T6

O777

077B

93



94
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1o0 R[AD INPUT TAPE T IpIANANE(IItANUMtIIm|'I,5),PECWT,ENTH, 0899
20E_DTEMP_ETHR,DEN_ O9OO

I FORMAT_IASpFTo_3+Fe°5_F9°_+AI,_$°5,AI°FB.SP 0901

[FqANUM(I_)99PSOOP99 O9O2
99 WRIT[ OUTPUT TAPE 61_OZ,CANAME_II,ANUM_]_1_I,5_,PECWT_E_TH,DEN. 0903

2T[MPD[THRoD£NS O9O4

_02 FORMAT _IXD_tAS,IXDFT.4,SXltFS._FSX_FP._tSX,AI°_X_8._DSXl 090_

2AIo_X_Fao_ O9O6

O0 9 |-lo_ 09O?
9 TOTAC-TOTAC÷ANU_(%) 090_

IP_ETNR'-OX_II,_O_ll O9O9

]0 _O'NO*I 0910

KK-NO 09_1

GO TO l_ 091_

ll _F-NF+I 091_

_-NF+I5 0916

_NF 0917
NN-32 091B

12 O0 9_ J'lJ_ 0919

_F_ANU_J)_ 96_97_96 0920

96 O0 31 _'1.1_ 092_

2O _H_T-O 092_
3_ KT°| 092_

GO TO 3O 09_

2] ZF_£LMT_|)_ 3_.Z2.32 O926

_E'N[+I O928

_UT-1 O929

_0 TO 33 09_0

_0 ]FCNHUTII_.]5°1_ O932

_A O0 16 I'lt|01 O933
IF I_ATO_I],I_-_A_AME_JI_ 16,17t]6 093_

IT [1"[ 093_

GO TO la O936

16 _ONT|N_[ O937
_R|T_ OUTPUT TA_£ 6_199 093a

_99 F_MAT _32H0 TH£R£ %S A BAD PROPELLANT CARD_ O939

R£TUR_ 09_1

AIK[Kp_*IOp_OEN 09_9

_0 TO IO0 09_
2OO IF_£_202,_01_202 09_3

_ETURM 09_

2O2 _EA_-_2 O956

B VX-O00000000000 09_
8 _-000000000000 O?SB

_ _X-O00000000000 09_9M_-O00000000000 O96O

_ _HOX-O00000000000 0961

e VXPL$°OOOOUO00000 O963

B VX_[N'O0000000000 O964

8 VFPCS'O0000000000 096_

B VFM%N'O0000000000 0966

_ ACX-O00000000000 096_

8 ACF-O00000000000 0968

_ A_X-O00000000000 O969

B A_F.O00000000000 09_0

_0_2 ]-I°_E O9?2

ZF (_0_ lO00,1001,|O00 09TT
1000 O0 _0 |'_,NO 09?8

_ _.H_*AtJ_o_l_)/_J_9J O979

100] _ _F) 1_02.1003_1002 0981
1002 _0 _1 |_.NF O982

_SI WF-WF÷AII,3_ 098_

1004 DO _ [-L*_O 0986

42 AMX-AMX+AIIt_31/A(|_9_ 09a8

ACX.ACXSWX O989

AMX-WX/A_X O99O
1_05 IF (_F_ _006,1007_1006 0991

ACFoACF/UF 099_
AMF.WF/A_F O996

lOOT iF _WX_ 10_0.1021_10_0 099T

_0_0 MX-HX/WX O998

_02_ IF _WF_ 10_2_1023,1022 O999

1022 _F -HF_WF IOO0
1023 _0 6O [llo_O 1001

IFIAII,_II60,T|,60 ]00_

RMOX-WX/_MOX 100_

|FCA_|._6_)6[,_|,61 1006

GO TO T_ 1009

?] RHOX • 0°0 10%0

T2 _HOF - 0°0 1011

_0 _6 J'l°NO _014

S? 80XlI_'BOX_I)/WX _016

1009 IF INF)_lOlO+lO1]tl_lO ]017
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DO 58 J=l,Nr

5a 80FII):B0;I]I÷AI[,J÷]5)*_[J,I_/_IJ,_O_

_O11 DO 6_ I=I,_E

64 VXPLS=VXPL_BOX_II*Ar[,18_

67 WPLS=WDLS÷BeFItI*AI_,38_

GO rO 6Z

63 VXM[N=VXM[N*_O_rI_*A_I,I_

66 VFMI_=V_MIN÷B_FEI_"ArI._e_

62 CO_TI_U_

IF IWXl ]030,t0_I,1C:30

Io30 DO _0 l-hNO

10_O _O I0_I Iz 1oNr

S_V_ EL£ME_T _y FOR C_{

C

_0 2OOO I= 1.1_

_rUR_

RETURN

I019
i020
re21

I022

I023

I02_

I02_
I026

1027

I02e

i02_

i031

i0_2

I0_3

_Q_b



g7
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99

CALL MATRIX
IF ISENSL LIGHT 4) 61_171

61 SENSE LIGHT

CALL GAUSS

IF _IDFBUG_ 910,eotglo

910 DO 911 I-I,IMAT

g11 WRITE OUTPU_ TAPE 6,91_,rG_I,K_,K=I_KMATP,_ELTA(I}

WRITE OUTPUt TAPE 6,912,{X{I_I-I,IMAT_

912 FORMAT (BFI_°6_

_ SIZE-PT°_

GO TO 4_

8_ ITNUMB.TTNU_B-I

DO g7 KRI°IMAr

_ CONTINUE

C

C OBTAIN CORRECTIONS TO THE ESTIMATES

C

D LN Tz_IO_

9I IF {IEIXT-_) 9_,9_,_79

9_ D LN _-0°0

_ DO 101J-I,M

CALL BYPASS (J,l)

96 DEL N_J_-O°O

GO TO lOl

_7 PEL N{J_-_OfJ_*_ LN T_HO_J)+S_J_

DO _ K_I,L ¸

99 DEL N{JJ-DEL NrJ_+_(K,J_X_K_

I01CONTINU_

IF {L-IO_ I0_,I09,I09

I0_ J-M1

O0 107 K-LI,_O

_04 C_LL _YPASS _._,I_

J=j÷_

GO TO _0_

I0_ _EL N(J)_X_K_

J'J÷l

i07 CONTINUE

I_9 A_DA-I°O

{F rXA_S_LNT)-XA_SF(_X(I_I_) _01,91_,91_

_OI SUM l _S_X(I_I)}

916 SU_.MAxlFr_EL 4_,$V_t

GO TO _I_

191_ IF (EN L_CJI) 917,91_°_917

1917 SUMI_A_SF_I_ LNmgo_I2-E_ L_J_FL N_J_

9_7 CONTENUE

_I WR_TF OUTPUT T_ _°_° T,P,AAY, A_A, _(¢OF_r_K,J_,K=I,_,

l EN_J),EN L_(J_,DEL N_J},HO_J_P_J_.J'I,_

9_ FORMAT (_E_°_/(IX._A_,SEIS._

C

C APPLY CORRECTIONS TO THE ESTIM_T_

C

III O0 If? J-I,M

II_ EN LNrJ_-_ L4_J_÷A_B_A_DEL N_J_

117 FN_JI_EN_J_+A_BD_*_L _rJ_

i_1T L_-T LN +AM_DA_D LN T

AAy LN=A_Y LN- _M_OA+X(IOI_

IF _SENS_ SWI_C_ 6J I_2,1_

GO TO _l

TEST _0_ COnVErGENCE _ ITERATIO_

IP_ SUM_

l_B SUM.SUM÷AR_F_(J)}

_29 DO ]_0 J=l,N

1129 IF _A_SF(EN_J_DEL N(_/SU_-O.SE-_ l_O,l_O,_

ll_O I_ _A_SF_OEL N(J_/SUM_-O°_E-_ I_O,I_O,4_

l_O C_T_UE

I_2 IF rSENSE LrGHT 4} l_,l_

I_ GO TO I_

C

C ELIMINATE THOSE SPECIES WITH NO DATA AT THIS TEMPERATURe, AOD

¢ IHOS_ W_TH DA_A AT THiS TEMPERATURE

C

14_ O0 l?O J_I,N

29S IF _CO_FT_4,J_-_O0._) 14_,14_,_01

I_5 CALL BYPASS _J°_

GO TO I_0

_01 CALL BYPASS IJ,2)

FN LN(J_-O°O

DFL N_J)'O°G

GO TO l_O

i_7 EN(J_-_°O

_L N(j)mO°O



i00



i01
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I]|2 00 3 3 J-IIESI,N
CALL _YPA$S(J*|

IF IIPROD-2b |)|5,1_]_,i_I_

13|5 CONTINU_

G0 TO 3O9

1315 ITE$?'J+!

CALL _A$$_J,_

GO TO 3_3

3O9 IADD,23

I_ _S_NS_ LIGMT +) 42_4_

_ll WRIng OUSPUT TAPE 6+3_2,tMAt. IDtD

312 FORMAT _JISHITRJED TO SOLVE 13,22H EQUATIONSl ELIMINATED 13_

GO TO 375

_15 WRITE OUTPUT T_P_ a,3161

316 FORMAT (S47HIR_SIDUALS FROM SUBROUTINE GAUSS EXCEEO O,_E-_

375 IF (IOEBUG_ 251,577,_I

377 IDEB_G=I

1377 PC,P_II_°6_6006

GO _O 555

BACKSPACE 3

RETURN

648
_6_9

1650

1651

1653

1655

1656

lb57
t65_

1_59

_660

1664

_66_

lb66

1669

_670
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379 _EWIND _ t671

PAUSE 7777? t672

SUBROUTINE GAU_S 1673

C 1674

C 1675
C SUBROUTinE G_USS SOLVES A_ LINEAR SEt ¢_ UP TO tWEnTY E_UATTONS° 167b

l_?B

fORTRA_ MONETOR UNDER _OR_AL OPERATING CONDITIONS WILL TAKE CARE 1679

C OF OVER-U_D_R _LO_ 16B0

C I_BI

EOUlVALENCE IHSU_ CI_2_)I, _$SUM, C_42_)) 16e_

EOUlVAL_NC_ _WT_OL, C_426)_° [CP, C_427)) 1606
EOU]VALE_¢_ IOLMPTp CI_ZB)_° (DL_TP, C{_29_) 16e7

EOUTVALE_CE _AMMA, ¢_O_h (^RATIOm C_4_)) 1688
E_UlVALE_CE (V_A£H, C{_21h ISP IMPo C_4_)) 1689

EO_V_LENCE _HO* ¢_911 169Z

EOUlVALE_CE (T P]° C1_40_1, IP_ l_ C(_l)) 169_
EOU_VALE_CE (EP PIo CI_ZI_° lAW PI, C_)) 16g_

EOU_VALE_CE _T ETA° Cl_4_ll 169_

EOUlV_LE_£E (ETA It C1_61), _EP £TA_ C(_7_ 1696
_OUlV_LENCE _W ETA_ C1_, (T S16_ C(_O_l 1697

EOUIV4LE_CE _S]G _ C(4_I)_ (EP SIG. ¢(_211 1698

EO_EVALE_¢E _W SIGo C_3_) 1699

EOUlVALENCE (ANSL_(I}° C(ST_), (ANSLA81_I Cll3_ell _?00

E_UlVALENCE [FORM_I_, ¢_13_9)). (FOR_I_}* Cft_4_}_ 1701
EQUIVaLEnCE _ELMT{l_, C(I_))_ _EL_T_I_ C_t_et_ 1702

EOUIVALEN(_ {LLMTIII, C_I_, (LLMT(I_t C(Z_e_ 170_
1704
170_

EOUIVALENCE {EN_t_, ¢_13BZ_)_ (ENd?O}, _(1471)! 1706
EOU_VALE_CE {ISV$I C(1_72)_° (JEAN° C(l_7_ 1707

EOU_VALE_CE _ACX° C{147_)_* _ACF_ C_147_)) 170S

EOU_VAL_CE IAMXp C_1_761)1 (AMF. C_1_77)_ 1709

EOUlVALE_£E _HOX, C_I_7BI)I (RHOF, C(_/9)_ 1710

EOUIVALENCE KOE_XlI_, ¢(l_eO_l, (COE_X_O)* C_1499)_ ITll
EOUlVAL_CE I_Xlt_, ¢Cl_O0_h E_X_20_, C_15_9_ I_IZ

EO_IVALE_CE _fOR_L_I]_ ¢_1_2011o _FOR_LA(Ia), C_I_7)_ 17l_

EOUIVAL£_CE _OF, C_1_56)]_ (FPCT_ ¢11_711 17X8

EOUlVALE_CE (EOR_T* C{l_a_l XTX9

EOUIVALENCE (_CD_° ¢(1_9_). (_ASEp ¢11_6011 17ZO

EOUlV_LE_CE _NOEO. C(I_6_) I_Z_

EQUIVALENCE {BOXlll, C(1771)1. (BOX(I_P C(178_1_ i72_
EOUlVALE_CE 180FIll, ¢_17e6_1, (BOF(I_)* ¢(1800_ 172_

EOUlVALENCE IMX_ ¢(15011)_ {HF° C(IaOZ_ 17Z6

EOU_VALEN<E IVXPLSp ¢_leO_l), (VXM[_, C(laO_)_ 17Z7

EOU_VALE_CE IV_PLS_ C_l_O_l), (VFM_N, C(_06)1 17Z8
E_UlVALE_CE IEN L_III, ¢_1_611_ _EN LN_90), ¢_19_0)_ 1729

EOU_VALE_CE _$1t_ ¢E21311_. 15(90_, ¢(ZZZO)_ 1732

EOU_VALENCE (X{I_* ¢{22211_, IX_201_ ¢_2Z_0_) 17_
EOUIVALE_CE (DELTA_t_, Cl22_1_1 IOELT_I20_ ¢(2260_ 17_

EOUIVALE_CE (_0. Cl2Z?6)IP IHSUBO_ ¢(2277_ t?_6

EOU_VALE_¢E _SO° C(ZZ?e)IP _T L_p C(2Z791) 17_7

EOUlVALEN¢_ ¢_ C(22eO)_J (AAV END C(_Z_II_ 17_

EOUlVALEN(E (AAV_ ¢_22eZ_}_ _CPSUM° Cl22_311 17_9
EOU[VALENCE (Me° ¢_Z284_)_ _TC LNI ClZ2e_I _0

EOUIVALE_£E _OATU_{1P° C(2_lll), (OATU_). C(2_1_ 17_2

EOUlVALENCE IPC, C(2_l_, (TC, C(Z_)_ _7_
EOU_VALE_CE IIPROSP ¢lZ_161_t (IFIXT, ¢(2_17_ 17_

EOUIVALENCE _ISV_. ¢1_20_1_ {IP_ODt C_2_Zl)_ 17_6
EOUlVALE_CE (IOlO, CIZ_Z211_ ILDRUM° C_Z32_)_ 17_7

EOUEVALE_CE (L_ ClZ_Z_)I_ ILl. C(Z3_6_1 17_9

EOUlV_LENCE (101° ¢(2_31)_ (IOZ_ CI23_Zl) 17_

£OUlVALENCE (ITAPE, ¢(Z3_8)_° (P_ £12_91J 1_6

E_UIVALENCE {COEFTI{II, C_369Z_)_ (£OEFTXIX_OI_ £{_0_1_ 17_9
£OUlVALENC£ I£OEFT2{II° ¢(_O_Z)_. _COEFT2(I_O_ ¢16_911_ 1_60

EOU_VALE_CE qATOM(II_ C(77_2)_. (ATO_(_03_* £1a04_ 176Z

C 176_

DI_E_$10_ DEL _(90)o HO_90_P $1701, X(ZO_ 1766

DIMENSION DELTA(20_° 80(1_), PCPl2$_ PROD(3) 1767
OIME_ION COEFX(20), OX(20)* fORMIt$1 t76a

DIMENSION _OEFTI(I_ogO) • COEFTZ(I_PgO) _769

O]M£NSlON ELMT_I_Ip OA_A(_3_* OATU_I_I, FO_MLA(I_ t770

OI_E_SlON DRUMI20°211 177_

8 816N0=_77777777777 1776
IO[O=O l???

OET_=O.O 1778

IF(_USE_ eo_eotsl 1779

81 IUSEX=IUSE_I 1780
O0 1 _=l=lUSE 1711

1DELTA_)=O.O 178_

[TE_A=O 178_

_APU?=I 178_
D$U_=BIG_O 1756

C 1767

C SAVE M4TR_X 1_ DRU_ 17B_
£ I759

DO 8Z IO=I,IUSE 1790
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D082 J_oZ, Iu5£I
82 DRUNIID,JNI,G(IO,JN)

C

C BEGIN ELIMINATION OF NNTH VARIABLE
C

DO _5 NN-IolUS£
IF _N-IUSE_ $.aSD8

B_ IF(GIN_,NNII31P2_P31

¢ SEARCH FOR MAXIMUM COEEFICZENT IN EAC_ RO_

C

a DO 18 I-_°IUSE

3-NN
IFIGI[,JI_ R9,1_,99

99 ¢OEFXI[I-O°0

IF{lUSE1-J_ 12,B_,84

8_ IF{ ABSF_Gf_,JI_ - ABS_COEFXII_) 10,100.1OO

6O r0 lO

GO TO 18

Z_ ¢OEFX_I_-BIGNO
IB COaTI,U[

19 TENP-BIG_O

2O _O 2_ J-_N,_USE
_F _EOEFX(3)-TEMP) 87.22,ZZ

87 TE_PoCOE_X_

l-J

22 CONTINUE
IF_ ZS,2_,2B

6O TO 8O

C

C I_O£X _ LOCATES £QUATIO_ TO B£ U5£0 EO_ ELIMInatinG TH_ _TH
WRI_BtE FR_ THE R£_AI_Z_ £_UAT10_

INTERCHANGE E_UATIO_$ I AnD _N
C

2e IE_NN-I_ 29,_1,2R

2_ DO _0 J-N_olUSEI

_0 GCNN,J_Z

VARIABLE FROM THE RE_I_[_ £_UATIO_$

C

C BAC_5OLVE FO_ T_E V_RIABL£S

991 ID?D = IUSE

< _ !USE

SUM • 0.
IF(IUS£ - JI 51_,_8

5O SU_ _ SUM ÷ G_°II*OXII_

151 CO _0 _ • 1,ZU$£

00 9O _O ° 1° IUSE!

9O GII_,JD_ • ORUM_IDo_I

<

CALCULATE _ESIDUAL$ _DE_TA RI6H_ HAnD $10E_
¢

DO 62 I • !. !USE

O0 56 1, !USE
_6 su_ • SuM ÷ G_I,JI*X[J_

DECTA_I_ - 61_,IUSEI_ - SUM

IF_A_6_I,IUS£1_I - l,O_ 62, _?, 6

6_ DEC_I_ - D£LTA(I_ / GIhlUS£[I
62 DSU_ ° ABS_IOELTA_III + DSUM

GO T0(66,_0_* _APUT

66 IF(DSUM - _SUMI_ _4,eo,6e

6_ _APUT = Z
DO 7_ _ • !,IUSE

GO TO _2SUN
7_ _$UMX

_TE_A • _TERA + !

IF_BSF[G(I_IUSE!)) - 1,0) 75,7_76

75 _IhIUSEI_ ° OELTAI[)
GO TO 78

76 G{h_USE!I • D_LTA_I_ * GI[_IUSEII

78 CONTINUE

GO TO 6

80 RETURN

!T9]
1792

_793
179_

1795

_96

1797
1798

1799

1BOO

1502

1103
1_04

!SOS

1B07

_eoe

!$o9

!8_2

!815
1_i6

1817

!B!e

le]9

182o

1BZ3

1_25

1_28

1_29

la36

_83e

IBm9
18_0

_e_Z
184_

IBm5

IBm6

_B_7

IB4_
IBm9

1BSI
1852

1853

185_

!856

_8_7

le_e
18_9

la60

1861

X_6Z

X863
_e64

_86_

1566

1_67

I868

IB69
1670

!87_

187_

1875

1_76

_77
1578

!879

!eeo

18el
lea2

188_

lee4
lee5

_aa6

[e67

_a88

1589

!59o

1891
1892

1B95

189_

189_
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CO_ON c

EOUIVALENCE IG{I), Cilia, IG(420_, C(42011

EGU_VALENCE _ANS_I_, Cr_21_>, _SI_5_ C_74)_

EOUlVALENCE (HSUMt ¢i_24ii+ {SSU_, C_Z_)_
EGUIVALENCE IWTMOL* CI42_Ih _CP, Ct_27))

EGUIVALENCE {DLMPT. C[_2_Pl. I_LMTP, C{_29)I

EQUIVALENCE _GAMMAI Ci43011, IARATIO* C_lll
EGU_VALE_C_ (VMAC_, C(_32_h (SP {M_i C_3311

EaU_VALE_C_ _WCI° ¢I_}_ (OF, CI_3611

EQUIVALENCE _RHOI, ¢_?}}, (RNOVA(, Ci_8)}

EGU]VALZNCE _R_O, ¢4_911
EQ'JlVALE_CE (T Pl, CI_40_ o i_I I, C(_1_
EGUIVALENCE (EP Ph ¢I_42_}_ _AW Ph C(_

EQUIVALENCE iT E_A, C(_4_

EQUIVALENCE (EtA h ¢I4_6_. _EP ETa, CI4_7>_

EQUIVALENCE tAW ETA, ¢I_B_I, IT SIG, C(_0_

EOUlVALENCE rAW SIG, ¢l_)l
EO_IVALENCE r_SLABII_, C_7_h _NSL_Bt_41, C_l_2_l

EG_IVALENCE CFORMI_° C_1_29_* _FOR_II_, Cit_31b

E_UlVALE_(C (LL_r_I_, C(I_Jl (LLmT{I_t CCI3_I

E_UIV_LEN_E (DATArlJ, Cll_9_* _O_TAI2_I, Cll_81_l

E_UlVAL_NEE IEN_I>, C_82_1° (EN(9OI, Cl_?l_}

EC, UIVALENCE _ISYS, C(147_)_, IJEA_, C41_3_1

E_UIV_LE_CE (ACX, C(1_74_° IACF, CIt475_
EOUIVALENCE _AMX, C_l_7_l_ _MF, C(I_I

EQUIVALENCE _RHOX_ Clt_7_l) _RHO_, C{I_9_)

EGUlVAL_CE {COEFXtt_, C_I_01_ {COEFXI201, C(1_99_

EQU_VALENC_ (FOR_L_I_, CII_0_, IFORMLA(I_I. Cll_Tl_

_OUIVALENCE _LA_I), _I1_20>_ _MMLA118_+ Cll_3?_
EOUIVALENC£ _PRC_I1}, (It_8})_ (PROO_p C_1_Otl

EGUIVALE_CE (SYSTM(I_, C_1_1_}, ISYST_I_5_, C(I5_}

E_UIVALENCE {OF, C41_}_° (FPCT, Cll_7_l

E_UIVALENCE (E_R_T, C(15_}}

E_UIVALE_CE (_0OE, C(15_)>, (<_SE, CII_60I_
EQUIVALENCE (_ONT, C(1_6_)I, I_F° C(1_62}_

_UIVALE_CE (NO, ¢(156_)}_ I_[° CII_8_II

E_tJ_V_LE_CE (NOEG+ ClI_8_

EG_IVALE_CE _8OFI_, C_lT_l_, IBOF_I_, CII_OO_

EOU_VALE_CE _V×PLS, CIt_O_l_ 4VXMIN, CIIBO_I
E_U_V_LEN<E _V_PLS, _IlS0_)_, IVFMIN, Cll_06_l

EGUIVAL_NCE _EN LNI1)° C_IB_I)}b IE_ LN49OI, C119_0)}

E_UIVALENCE <H0(l_, C(20_1}_, (H0(90_* C(21_0_}

EQ'_iVALE_CE IS(I_, _(21_t_}, ISl_0_, CI2220ii

E_UIV_LENEE I×tll, C_22_1)_ IXI20), ¢(Z_40i_

ECUlVAL_CE _DELTAiII, Cl22_11_, IDELT_{201, C1_260))

E_UIVAL[_CE _80{]}, Ci2261_1, IB011_, C{227_11
E_U_VALE_CE IPO, C{2276_1+ IHSUB0_ Cl227711

E_UIVALEN(E _$0, Ci227_1_ iT LN, Cl227911

E_UIVALENCE _T, ¢_2280_i_ _A_Y LN_ C122al}}

EQUIVALENCE (_C, C_22_1_ IIC LN, Ci22_11

K_U_VALENCE _PC_I_. ((_2B6)1_ _PCP_Z_I, Ci2_10}_

E_UlVALE_CE <DATUM_I}, C_Z311_ WDATUMI_, Cl2_1_)1

E_UlVAL_CE _PC, _2_14_]+ (TO, CI231_)_

E_UIVALF_CE IIPRO_, ¢_231_t_ (IFIXT, C_2_1T)_
E_UIVALE,_CE _IHS, ¢(2_1B_+ IICOND, C(2_19_

E_UIVALE_CE (ISY_, C(2320_ (IPROD, C(2_211_

E_UlVALE_CE _IDI_, ¢(2322_i_ ILDRU_, C(2_23)_

EGUIVAL_CE _IDRM, C_2_2_1), _DRUM, Cl2_2_)I

EOUlVALENCE _L+ C{2_2_1_ I'_h Cl2_Z_))
E_U]VALE_CE IM, C{2_2711_ IMh C{232_1_

E_U]VALENC_ (_, Cl23_9}1_ _lO, Cl2)30_1

E_UIV_LENCE IIGl, C_23_1_, (IG2, ClZg_2}I

EOUIV_LENCE _IMAT, C(_3_}_, IIUSE, C(2_3_

E_UIVALE_CE IIADD, C(2_36_, _ITNUMB, C(2337_I

EO_IVAL_NCE IITAPE, ¢I2_Bll, (_ C<23_9)1

EOUlVALENCE _IDE_U_, Cl2_O_I, _IFROZ, Cf2_41_1

E_UIWt_CE {COE_TI(_I, C_3692_1. {C_EFTIII3_0_, Cl_041_l

EOUIVALENC_ (COE_T_]_, ¢_392}_, ICOEFTII_01, C{77_11_

EQUIVALENCE _MATOM_I_, ¢lT?_2_l_ _MATOMI_O_, Cl_O_ll

DI'+ENSION G(20,21_, A(l_,901, EN(90>, EN L_Ig01

DI_EmSIO_ DEL _C_0), H0ig0)* S(_O}, _120I

D_E_O_ COEFXt20_, DX<20_ FORMII_i

DIMENSION COEFT](I_,90_ , COEFT211_,_0_

DIME_S_O_ ELMTIIS_° _ATAI2_}, DATU_I_), _ORMLAI_

DIMENS]Ot_ LL_rIIS_,_tSYS{I_,_DArAI?_I

c

c

C DETERMINE WHICH M_TRIX IS TO BE SET UP

C SENSE LIGHT LIGHT Oh
C I COMBUSTION TYPE
C 2 ASSIGNED TE_ERATUR_

C + N_T CO_VE_GE_
C

IQI=ICl

I02o_O2
IG_zIG_

_F _SE_SE L_G_r ?_ h_

i SENSE LIGHT 2

tF _S_NS_ LIGHT _I 2°_
2 SENS_ LIGHT

IFIXT-I

GO TO _0

3 IFIXT-2
IHS.I

GO _O I0

IFIXT+2
IF _SENSE LIGHT i} _+_

LIGHT OFF

FXPANSION TYPE

UNASSIGNED T_MPERATURE

CD_VFRGED

1896

1897

ta98

1899

1900

JgO_

1902

1903

1904

1905

1906

]90_

190_

_909

19tO

1911

_9_2

1916

191B

19_9

I_20

1921

1922

192_

_92_

1926

192T

L92B

_929

193]

1932

]%3

19_+

I%5

19_T

19_B

_9_9

I%0

194_

19_5

19_6

]9_T

19_B

19_0

19_2

195_

195_

195_

_9_6

19_7

195_

_9_9

1961

1962

196_

196_

196_

i%6

196_

1969

_970

1971

197_

_97_

1974

197_

1976

1977

19_B

1979

19B0

19B!

19_Z

198_

_9_

1985

19B_

19_7

1_Ba

1990

1991

_992

199_

19%

1995

1996

_99_

_99_

1999

ZOO0

200!

20O2

?O03

_007

200B

2009

20]0

2011

20_2

20_3

201_

Z01_
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SE.SE LICIT I 2016
IHS=I 2017

ISYM- IQ2 2018

GO To lO 20z9

7 $_SE LIGHT 4 202_

IHS=Z 2022
ISY_,_O1 2023

OO TO 10 202_

B IHS-I 202_

]SYM-IOZ 2O26
C 2O27

C CLEAR MATRI_ STORA6ES rO _ERO 202_

C 2O29

t0 DO 212 I,I.IQ2 20_0

DO 211K-I,IQ3 2031
G(I,_), 0.0 20_2

211 CONTINUE 2033

212 CONTINUE 203_

IF (t-IO) 1_,213,1_ 20_6

C 203_
• B£GIN SEt UP OF ITERATION M_TRIX _039

C 204O

1_ DO 6_ J=l,_ 20_1

CALL 8YPA_S (J,l_ 2042

C 20_

C CALCUlaTE TME ELEMENT5 R(I_K_ 20_6
C 20_?

12 DO 2O I'1, L 20*O

DO 1_ K,I, L 20_1
_(I°K)- G(I,K) ÷ A_,J}_ER. 2O52

1_ CONTINUE 20_

• _O_PL_T_ COLUMN • FOR THE GAS MOL_CUL_ 205_

C 20_6

G{I,IQ1}-G(I,IOI_+TER_ 20_

2O CONIINU_ 20_8
G(IQI,IQI_" G{IOI,I_I_+_N(_) 20_9

2Oh0

C _TATEMENI 2_ 1S FOR FIXED ro _0 _S FOR VAR_ASLE T AND CONVERGED 206_

C FIXED r _062
C 2O63

2t IF _IFIXT-2_ 2_,30,_0 _O6_

• 206_
C FOR ASSIGNED _ BYPASS ENERGY ROW AND T COLUM_ W_IL£ IIERA_ING _066

C _067

DO 2_ I-1, L 2O69

2_ ¢ON_INU_ 2071
G_IQ_°IO2)-G(IOI,I_2)÷TERM 207Z

6O TO _ _073

C 207_

C FILL IN T_PERATURE COLUMN AND RI_MT HAND SID£ 207_

C _O_
_0 TERM-HO(J)_6N_JI 2077

OO 3_ I-I|L 207B

6_1,IO2)_ GII,I_÷_thJ_tTERM 2079

_ CONTINUE 2OBO

DO _0 I-I,L 208_

_0 CONTINUE Z0a_

C 20a?
C $TATE_EN_ 5O IS _OR £NTHALPy o _ IS FOR ENTROPY EQUATION 20a8

C 20_9

_0 G(IO_,_=G(IO_oIO_)+HO(J_.r_R_ 2091

_[O2,1Q3)=G(IO_,IQ_)÷HO_J)_TERMI 2O92

GO TO a_ 2_9_

C 209_
C DURJNG _PA_SION THE E_TROPY ROW IS FILLEO IN 2O95

C 2O96

_ TER_-S(_ENIJ) 2O97
DO 6O K'I,L _098

CONTINUE 2100

G(I_IOI_'6qI_2,1QI_¢IER_ 2101
G(IO2,JO_)'GqI_,I_2}+fl0(J_'TERM 2102

_5 CON_INU_ 2104

C _r TM[$ POINT PROCESSING O_ _ASEOUS _ODUCTS HAS BEEN COmPLETeD 2106
C _0 CO_O_NSEO PHAS_ PROCESSING IS BEGUN 2107

• 210_

C _TATEME_T 7O IS FOR CO_D_SEO P_OOUCTS. 101 I& FOR NO CONDENSEO _109
• _110

66 IF IICON0-2_ 7_,101,101 2_11

7O K'L1 2112

DO lO0 J= _I,N 2113

CALL BYPASS (J°_ 2114

IF _IPROD=_) 100.7_,100 211_

75 ¢ON_INUE 2118

_ 2_19
$1ATEMEN_ 8O IS FOR _I_D T, 8_ IS FOR VARIABLE T _ND CONVeRGeD _1_0

C FIXED _ Z121

_0 G_,IO2)- HOWJ_-_ 2124
GO TO 9_ 212_

e_ G_,IO2_- H0_J) 2126

G(K,IO3), H0_JJ-S_J) 2127
C 2128

C S_TE_EN_ 9_ IS FOR _NTHALPy, S_EMEN_ 9O IS FOR ENIROPY EOUATIO_ 2129

C 21_0

IF (IMS-2) 9_,90,90 21_!

100 (ON_iNUE 2t3_

C 21_



107



108

SUBROUIIN[ CORE]

C

C FROZEN COMPOSITION EXPANSION

(

C

COMMON C

EQUIVALENCE (G(l_, C(III, (G{_2OI, CI_2011

EQUIVALENCE [ANSI]I, C(_?II), fANS(_54), C{8741]

EOUIVALENCE [HSUM, C(_24)), ISSUM, <_425]]

EQUIVALENCE (WTMOLI Z(426)_, (E p , Cq_27))

EQUIVALENCE (DLMPT, C[_28)h [DLMTP, C(_29))

EQUIVALENCE (3ANNA, C?_30_), [ARATIG+ CI¢3111

EQUIVALENCE IVMAC_, Ct_321h [SP I_P, C(43311

EQUIVALENCE CVAC], C{_3_I), ICF, C_43b)

EQUIVALENCE IRHOI, C{W)7ll+ IRHUVAC, CI_38]

EQUIVALENCE {RHO, Cl_39)l

EQUIVALENCE (T Pl, CIW_OI], qPl I, C(_41)

EQUIVALENCE _FP PI_ C<_2))+ IAW P], C[_)

EQUIVALFNCF (T ETa, C_]}

EQUIVALENCE (ETA [, Cl_EIIl (EP ETA, C[_71

EQUIVALENCE CAW ETA, C(448III (T S16, rlwsO)

EQUIVALENCE (51G I, C(_91)), (EP SIG. C(_521

EQP[VALF_CE (AW SIG, C+453}}

EQJ[VALENCE (ANSLAB(1), C(875IIp (ANSLABI_S&I, CI132_l)

EQUIVALENCE (FOR_II}, C(1329}I, (FORM(15], CI]34_))

FOJIV_LFN'E _FLMTI!}. C(13_I}, ([LMTIIS), CI]_5_))

EG_I_ALEN_ [LL_Tf[), C{134_)1, (LL_T4151, <(I_58)I

EGJIVALfNC[ (SAT_II_, C[1]_91)+ (DATA_?_], CIIBB]))

E_U[V_LEr.CE I_ATA(I_, C(1_59)), {MDATA(Z3), C(I_8]]]

E_UIVAL£N<_ r_NIL), 6(1382}), _EN(9OF, C_1471}_

ECH!VALFN?E [[SY_, _I[_72)), (JEAN, Cll_/_}}

EOU]VALENC_ [ACX+ C(I_74}), [AEF, C{l_75IJ

EQUIVALENCE [AMXI C{1_76)), {AMF+ C(I_7_})

EOUIVALENCE [RHOX, EIl_?BI), {RHOF, C(1_7911

EOU]VALENCF [COEFX_I), C{l_80_), ICOE_X(20)+ C(]_qg}}

EIJJ]VAL_KE [_x[]l, Ctl500F), [DX_20t, C(]Sl_))

EI]U1VAL[:_Cf ([C_ML_[_), Cit52011, I=ORNLAI18), Cfl5_?]}

_QUIVALFNCE {_'ML&_I)I crI520)l, [WMLA(tB}, E(lS+?)_

_QLJIvALFNZ[ {PPOD_I], C[1538_h {PROD{31, C(15&C))

L,jrJI_ALENCt <_5. TVKl]. C[15_Ill, ISySTMFIS), C(155511

{3UIVALENC{ (_TSY5_I], C{15_l), (MISYS{15_I C(i5bS))

[Q_!VALLNC_ (C:F, EK1956)}, (FPCT, C_[5571)

E_UIVALENC£ (EgRAT, C{l_))

EQUIVALENCE _KODE, C_15591}, {CASE) C(1560I)

EQLtlVALENC_ _KONT, C_IS61I), (NF, C[1562_

EQUIVALFNCF INO. C_156B)I, (NE, C[156_1
FQUIV4tFNCE [NOEl', C_!5_5_I

EQU[VAL[NC F _NOF_CIZ, C_1566)I

EOHIVALENSE ]80_(i), CI1771)], (BOXIISII C[17851

FQU[V4LFNCE l_0F(t)* C_178a11, _BOF41_II CIISO0)
EQUIVALENCE [HX, Cli801II, (_F, CI18021

EQUIVALENCE _VXPL£, CI18031], (VX_IN, CII80_I

EOUIVALEF, C[ [VFPLS, CiZ8051], IVEMIN, El|B06)

E_UIVALENCF (EN LN([), C_18_1}), (£N LN490). CI|9501

EGO[VALENCE EL)EL NEll+ C11951)9, (D_L N_90), (120_OI

[GIJEVAL_NCE _-O(1), C(20_1)), (H0(90), CIPl)O}

ECJ[VALENCE +S(]F, C(2131)I, (S(90I, C12220)

ECU[VALPNCE !X(I_ C(2221!I, (X(20), Cl22_01

FGU[V_LFNCF (DELTA(I}, E(22_l}I, (OELTAqPO), r127601

EQUEVALEN+E (BO(I_, Cl2261)), (80{15J+ C127751

FCI)IVA,ENCF (PO, C(2??B}), _HSUB0. {42277j
E DUIVAz_NCF _ 0 + C(227B_), It LN, Cq_279}

E3UIVALENCE IT, CC2280_], (AAY LN, C422811
E_u!VALENCF IAAy, C(2282_}, IEPSU_, C122_5}

E;UIVALENC[ IHC, C(22Bal), (TC LN, C12285]

EOUI_AL{NCE [PCPIi_, C(22Be_}, (PEP{25}, C423101

EQUIVALENCE [DATIJ_[[_. <12311l)_ IDATUMI3)* C1231_1_

EQUIVALENCE rFC, C_2_1_)), ITC, C12_1_1

EOJ]VAL[NCF [IPROF_, C(Z31_)I, IIFIXT, C_2317}

EQU]VALEN(E rb'S, F(2%18))_ IICOND, C1231911

EOLIIVALENC_ t_SY_, E123201), (IP_OD, C123231

EOUIVALFNCE rIDID, CI2322P}, ILORUM. Cl232_)

EQ_JIVALENCC F]DRM, CI2_23)), /EDRLJ_, C(23241}

EQUIVALENC[ ELl C{2325i], ILl, C(2326)
EO_IIVALENC! t_, c[2327)i, IRE, _123281

EQUIVALENCE ['4, C[23291_, [IVI C(2_0)

E:PUIVALFNCF 41_], C12331)_, (I_2, _(2B_2_)

E_UIVALENCE _IO3, C[2)BBII, IKMAT, C(233&])

EQUIVALENCE _I_AT, C(?_)SlI_ IIUSE, CI2335)}

EQUIVaLFNC[ {IAOD, Cl2_36}l, IITNUI_B, CF23_7))

FQO[VALF_<_ [I?APF, C423381], 4#, C[2_)_))

EQUIVALENCE (IDESUG, C423_O)1, IIFRQZ, CI23_l))

FCUIVALFNCF (_(I}, C_2_2)], (A41_50I, C[369tll

EQUIVALENCE ((0EFT!(1). C436921], 4COEFI][]BSOI, E[5OqIIF

FOUIVALFNC_ (:OECT'(I), C45042)I, _CC[FTZ(I%50), C[EBD[_

L_r[VtlF_C<_ (CE+TtLl, C_639ZP], _CZE_!_]BDO), l:r77_[_)

FC}U[VALENC_ (,'+ATCIVlI}* {TIt7_2)_, 4_ATOM[_O_I, C[_0_F}

DI_EN_ICIN G(20.2[_. ATIS,90;, EN_90], EN LN(90)

DI_ENS!ON :_EL N[eO), _0IDC), 549OI, XFP0_

[)[MENS]ON [)FLTA(201, _0(15), PCP125J, PRO_[_I
D[MENSICN COEFX{PC_, C XIP0}, FOR_I_

D[MENS].CN <OEF_][15,_O} , COEFT2(15,90)

C,[_=N¢ ], N FLMTI!_), DATA[p3), DATII_1%), FCRMIAf]A_

DINTN ]_#_ hrIx_}5), _'0F(15), ANSI_54_, SY;,H,I[ L 5 !

t:'[MF Nq] : N l LeT _ ]6 _ .P'TSY_ _15) .MD_ T_I 2_)

u[r4EN!,J<& ANCLAR[_'_. COE_TI]5,';O)

DZMENS]CN "t4TO_[!_l,_, ATO_{13!,_)

NO F ROZ=O

MISSEF)=C

go 10:a J = 1,_4

!U14 AN£()) = AN_LA_IJ]

[A[,D=]

At_HA=r,0

00 7 a=I,N

iF [[NrJl_ 6,_,15

5 EN LN[JI=LOGF(FN(J_)

_LPH_=_LPHA+EN_J)

_0 _C¸

6 EN LNtJ)=0.0

EN_a_O.C

7 CONTINUE

WT_OLF=ALPHA*WTMOL

zt_2

2193

219-

2195
2196

219B

2199

2200

2Z0]

2202
220S

_ZO_

ZZ05

ZZO_
22O7

Z20a

ZZ09

2210
2211

221_

_PlS

221_

2215

Z217
221B

221_

2220

2221

2222
2_2_

222_
222_

2226

2227
_22B

_Z_O
22_!

22S2

ZZS_

ZZ_5
22_6

22_7

22_

22+0

22_2
22_

2245

22_6

2247
22_

22_

PP_I

2252
225_

22_

225_
2256

2257

22_

22S9

22_0
2261

22_2

22_3

22_
226_

2_6

22_7

Z_6_

2269

2271

_72

2_7B

22_
p_T_

_276
_277

2_7a
227_

ZZ_I

ZZ_2
22B_

P2B_

22_5
22a_

22a7

22_e

2Z_0
2291

2292

2293

22_

Z2_5

_2_7

22_

2_02

23O3

230_

2B07

?BO_

2StO

2Sll
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Ii0

2?7 SENSE LIGHT _ 2_32

GO TO _9 Z_31

ERRO_ PRINT C:_T 2_S5

2_16

J_}_ _TT_ nl,_,t_ _,: L,'_,T,I_. r'_ Z_37

_OT IF t_-200,0_ _,30e, 0 Z_0

_o_ Gc TO _! 2_41

_49 MISSED=I 24_2

ITRO_=O 2_3

IF ISENSE LIGHT _ 51,51

_i .RITE TAPE 3, 16_11, l=i,804_ 2_#5

CALL CO_E5 2_

R_TURN z_

_0_ WRITE OUTPUT TAPE 6,1!O*_CO[FTII,J],I =I'31'COEF_I6'J_'CO_FTI?_J) 24_8

SlO FORUAT /13H6THE SPECIF5 _A6,2_H HAS NO DATA IN THE INTERVAL 2F9.1} 2_49

DO 1311 d : l,g0 _&51
i311COEFTI_,JI = COEFTL[K,J_ 2_52

Go sO _9 _SS

31! WRITE ©ItTPUF rAPE _,_12, _COFFTt_,J_,I=I*3}.T 2_5_

3!2 _UR_AT _lSH_tHE sp_cl_S 3AS,I_H _AS r_O OATA AT T= F_.I_ 2_
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£ CORE LOAD _ D£IONAT]QN VELOCITIES

IFNJEAN-ID]II00,]01,!00

£00 .R_TE OUTPUT TAPE 6,2

2 FOq_AT (3_HI OE_ONAT;ON VELOCITY

CON=IACF*OO_OACX_/II.O+OOF_

_RITE OUTPUT IAPE 6,_C,2,KObF

I02 FOR_T (_X,EH_ODE=II_

PCP_I_=].O/PPP

PCP_2}=0.O

R=I.gB726

Trr=0.0

HI=HSU_O'P

PI=PC

II-TC

PC-PC*)4°696006

l_n=O

JFAN-];,I

ZO HSUBO=H_/R+.75*TI/A_I*PPP

21 KORE =O

RETURN

IO] DO I]O! J= I,_54

Ii01 _SrJl = ANSLAB(J_

GA_=GAMMA

IF(KODE_91.92*gl

91GAMMA=GAMMA*_I.O_OLMPT}

92 PPP=A_S(2_/Pl

TTT=ANS(3)/TI

E=PPP

[E=TTT

IF(ITR_201.200*201

2OO TEMM=WT_OL/A_I

II:O

WRITE OUTPUT TARE 6,203,11,PPP,lrT

DO 202 If=l,7

TEM=TEMM/TrT*GA_A

PPPP=(I.0*GAM_A_/12.0*TEM_*

2(I.0_SQRTF(I.0-_.0*TE_/II.0+GAMMAI**2]I

203

20e

Z02
Z05

TE=TEM/GAM_A.PPPP

TTTT=EE-._RIIAMI_EPJ*E+GAMMA*R/(2.*AMt*CP)I({T_*m2-1°O_/TE_.pp_p

WR_T_ OUTPUT T_P_ 0.20_,II,PPPP,TTTT

FORMAT(15,2E20._]

_FiAeSF_PPPP-PPP_-.I_20_,205,20_

Pp_=p_p

TII=TI_I

CONTI_U£

PEP(IJ=TI*TTTT

PC'PI*_PPP

TC=O.O

IPROB=_

ITR=I

GA_MA=GAM

GO TO 21

201TEMM=PPR/TTT*WTMOL/AMI

TE_={I.O-GAMMA*rTEMM-I.01)

A]I=I*O/PPP-GAHMA*TFWMw(I.0÷DLMPT }

AI2=GAMMA*TEMM*II.O-_LHTP)

A21:GAMMA/2.0_IDLMPT+TEMMI*2.{Z.0+DLMPT);-DL_TP

MAL=GAMMA/2.0"(TEMM**2÷II0)

A22=HAL_(DLMTF-I.0)_T_OL*CP/R
BI=I.0/PPP-TEM

BE=WTMOLI(R*ANS_3})'{HSLJM-H_)-GAM_A/2.0*(TFMM*_2-I.0)

ASSIGN 51 TO JJ

50 EG_=A]l'APE-AZl*Al2

XI=(_I*J22-eE*AI2)/EEM

_2=_AlI*BZ-A21*BI)/C6M

_o TC Ja.(51,5_,5), 59_

5] TE=A_SF(XI)

TEM=ABSF_X2)

IF_T£-.W]g_,9_,V5

9_ ]FITE_-°_)96,gb,'_5

9B ALAn=I°0

GO TO _7

g5 lFITE-TE_I93,93,gB
93 HAL=IE_

GO TO Q9

g8 HAL=T[

99 ALAM=.4/HAL

Q7 PPPP:Ppp*EXPF(XI*ALAM)

TITT=TTT*EXPFIX2*AL_M)

#o] us=91o]_9_ *SORTFLGA.ar4A.ANS_)/_TMOLI

UD=_EMM*US

PrTP=I)-_I*TTTT

PC=pI.pppp

TC=O.C

IPROR=_

TF=WT_OL/AM]

TEM=PPPP/TTTTmTE

E=XI**2+XE''2

EE=SORTF([)

WRITE OUTPUT TAPE _.10.1TR

]0 FORMAT (21_0 IfERATIO_ NUMBER=IE.IOX.3HOLO.17X.9_NEW//}

WRITE OUTPUT TAPE 6.)0'PPP.PRRF.TTT.TITT.TEMM.TEM.XI.KE.USIUD.E

2,EE

30 FORMAT(_X._HP/PI,IO_,IH=2E20._/GX,_HT/TI.IOX,IH=2E20.6/_,_H_HO/_H

101,6X*IH=2620.816X,IIHDEL LN P/PI_3X,_H=E20._/_X,II_t_EL LP_ _/T_,3X

2,1H=E20.B/6X,2_US,12_,IH=E20.8/_X,ZHL'.),_2×,_H=L20.B/_,IH_,i3X,I.:

3E20.8/6×,I_HSOR ROOT OF E,IX,I_=E20.8_
Ppp=pRpp

77T=TTTT

[F(ABSF(XI}-.5[-05)II.I].]2

II IF(ABS_(X2]-.5E-05)I3.15.12

12 IFIITR-IO}I_.I3*13

I_ ITR=ITR÷I

GAMMA=GAM

GO TO 21

13 JEAN=f0

P=PPP*Pl
T=TTT*TI

US=91.18_96 *SQRTF[GAMMA_T/WTMOL)

UD-T[MIUS

WRITE OUTPUT TAPE 6,31

_! FORMAl l]TMI FINAL ANSWERSHI

WRITE OUTPUT TAPE 6._2.PPP.TTT.T£1TEM_PlT.WTMOL.P]_TI_AMI.OS.UO
2*CON

32 FORMAT {GX._HR/PI.IOX.IH=E20.B/_X_MT/TI.IOX.IHIEE0*B/GX._/MI.IO

2X.I_=E20.BZGX.B_RHO/_HOI.bX.I_=E20.8/GX.IHP.13X.IH=E20.B/GX.I_T.13

3X.IH=E20.B/bX_IH_.I3X*I_=EEO.B/GX.2MPI.I2X.IH=E20.B/bX.2,TI.IZX_JH

_=E20.8/bX.2HMI.]PX.LH=EEO.&/GX.2HUS.12X.IH=E20._/GX.2HUD_12X.]H=£2

2577
2578

2579

/580

2_B2

2583
2_8_

25e5

25_e
2_e7

2_ee

25_0

25_2

25_3

25_

2_5
2_96

2597

2_9e

2599

26O0

2601

z602

26O3
260_

260s

26O6

26O7

2_08

2609
_610

2611

Z612

?61_

z615

2616
2617

2618

2619

262O
2_2_

2_22

2_2_

2_2_

262_

2_2_
2627

262B

2629

2630
2_31

2_2

2_33

2_3_

2_6

2_37

263_

26_9
2_0

2_2

2_3

2_5

2_6

2_7

26_9

2650

2_51

2652

265_

265_

2_6

26_7

2659

2660

26_1
26_2

26_3

26_

26_

26_6
26_7

2e6e
26_9

2_7o

2_72

2_73
2_7_

2_75

2_7_

2_78

2679
2eBo

26al

z_a2

26_3
268_

z685

2686

2687

268B
26e9

269O

2691
2692

269_

269_

26_5

2_96
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3 FORMAT IIHO)6_X,52HWT FRACTION ENTH_LPY 5TATL TEmP HEAT CAP

2ACIIY/ZSX,IGHCHEMICAL FO_MUL_,2_X,IOH{SE_ t_CTE_,_X,THCAL/MOL,12X°

35HDEG K°_X,13HCAL/MOL-DE_ _

FORMAT IIHO,a_X,_OHWl FRACTIO_ ENT_ALPY STATE TEMP CP

2 2_X°IGHCHEMICAL FOR_bLA,_X,_0_[SEE NOTEI)_X,THCAL/MUL°

IOX°SHDEG KI

5 FORMATIIH÷*_3X*Fg.5,FI2._,_X,AI,FIO.2,FII._

6 FORMATIIH+,83X,Fg._)FIE*3,_X,AI,FIO°2,FIl._)

T FORMAT IIHO,3OX,_HOIF=Fg.6,15_, PERCENT FUFL=_._,_0H, _OUIVALENCL

I RATIO=F7.AI

2O FORMAT I_3X,_GH_ETONATION PROPERTIES CF AN I0[AL REA<T_'_C G_S}

21 FORMAT _3X,_HCALCULATEC US_ SPECIFIC HE_T _TIC _S :_MA_

22 FORMAT IIHO,2_HTHERMOOy_AMIC P_OP_[TESJE_X,12_U_uRNED GAS, _X,10

2HBURNED GA$_

23 FORMat (IX,GHP, ATM.20X,FIE._,_X,FI2.5_

2_ FORMat (IX,SHT, DE6 _,IaX,FIE.2°3X,FIE°II

E_ FORMAT _IX,gHH, CALI_ ,I_,FI2.1,_X,FIE.I)

26 FORMAT IIX,I_HS) CAL/6-DEG _ )26X*FIZ._I

2_ _OR_AT I]X,IIHM, MOL. WT.I_X,_IE._°3X,F_2°3_

28 FORMAT IIX,16HCP) CAL/G-_EG _ ,IOX,FIZ°_,_X°EI_._

29 FORMAT IIX,12HIDL_/DL_P]T,I_,FI2.5,_,F]2._I

30 FORMAT (IX,12H(_L_M/DLNTIP,I_X,FIE,#,_X,r]7._

31 FORMAT IlX,_HGA_A,ZI×,_IE*_,_X,FIEo_

3Z FOqMAT (IX.gHUS, _ISEC,17_,_]2.],_X,F_Z.])

33 FOR_T(IHO/IX,_ONeUR_EO GAS CO_POSlTION IN MOLE FRACIIO_S//I

3_ FORMAT IIHOIIX,EI_OETO_TION PARAMETERS,

2ZX°ETH(UD I_ _/SEC, _i IN KCAL'G]I

35 FORMAT (I_O,_PlPI°_X.I.=FT°_,_X,ZI_OL_P/PlI/DtPI_II,HI=FS._,EX,I

2BH(bLIR/RII/DLTI}PI=FB.5,SX,2OHIDLIP/P_I/_HI_PI,II=FS.SI

36 FORMAT I lX,_TCTI,_X)IH=FT._,SX,21HIOLIT/II_/DL_I_TI,HI=Fa._,_X,I

18_DLIT/TI}IDLTI}PI=FS._,_,20HIOLIT/TI_/OHIIP],TI=FS._I

_8 FORMAT IIX,gHRHOZRHOI=#7._

3g FORMAT (IX,gH_ACH _O.=FT._

40 FORMAT ¢IX,gHLID =_7*I,_,I_O UD/DLPI}TI,HI,_X,IH=F_,_,_X,13

IH_O UO/DLTI)P_X°I_=F_,P,_X,I_H_C U_/DHIIPI.TI°_X,IH=F_.EI

IOO0 WRITE OUTPUT TAPE _)18

18 FORMAT (IHII

552 REWIND 3

300 READ TAPE 3.(ANS(]))I-I)4_)

HAL=PI* Ig.@96006

I=l

J:3B

DO 350 JJ=I,N

AMOL( I,I)=ANS(J}

J=J+g

3_O I=I+I

WRITE OUTPUT TAPE 6,20

IF{KODEI3Sl J352,351

351 WRITE OUIPUT TAPE 6,21

352 CONTINUE

B Z E RO: O000000C)O000

106 J:3_

DO Io_ I:I,_
DO 105 II=1,3

KK-J÷I[

105 TITLEfIIIII=ANSIKK)

1o_, J:J+_

ASSIGN 90 TO JEAN

92 WRITE OUTPUT TAPE 6_2,KASEtHAL,TI

GO TO JEAN,{90,gl]
90 I_l,KOIgt,94193

g4 _R_TF OUT_Ul I_P{ 6,?

GO TO _7

93 WRITE OUTPUT TAPE 6,4

97 IF l NF ) t)Sl,Z*50 ,z_S]

_51 oo lOO I-I,N#

II=I

MM=I5

CALL SPEC

IFIKD}_OI o4OO)_O_

@oo WRITE OUTPUT IAPE

60 TO 100

401 WRITE OUTPUT IAPE

100 CONTINUE

@50 lIE I NO )_53, _,.52, _.53
• 53 DO i01 I=I,NO

ll-l

M_=0

CALL SP[C

IF(KOIglI._IO._II

_I0 WRITE OUTPUT TAPE

GO TO Ioi

_ll WRITE OUTPUT TAPE

_oI CONTt NUE

('52 CONTINUE

WRITE OUTPUT TAPE

WRITE OUTPUT TAPE

WRITE OUTPUT TAPE

WRITE OUTPUT TAPE

WRITE OUTPUT TAPE

WRITE OUTPUT TAPE

WRITE OUTPUT TAPE

WRITE OUT_'UT TAPE 6,E8,EON.ANS(7}

WRITE OUTPUT TAPE b,29,ZERO.ANS(B)

WR_TE OUTPUT TAPE 6,30,ZERO.ANS(9)

WRITE OUTPUT TAPE 6,31,GAME,ANSI101

WRITE OUTPUT TAPEB,_2,UUS,US

WRITE OUTPUT TAPE 6133

IN=I

ME-2

CALL COMP

WRITE OOTOUT TAPE 6,3_
WRITE OUTPUT TAPE 6,35,PPPIAIIAAIA7

WRITE OUTPUT TAPE 6)3bITTT,AE,AS,_8

WRITE OUTPUT TAPE 6)_OIUD,A3,AG,Ag

WRITE OUTPUT TAPE 6,37,TE

WRITE OUTPUT TAPE 6,38,TEM

WRITE OUTPUT TAPE 6,39,AM0

207 WRITE OUTPUT TAPE _llb

1_ FORMAT I IHOI_OXII_HINPUT° G-ATOMSZGIII
IFIN[-8)80,80,81

LC<)P = i

GO TO B2
81 KK-I

K[K=8

LOOP=2

82 I)o 85 J-I,LOOP

6,_,AI[)_61)A[I,)2])AII°42)IA{t°6aI,ArI,_6)

5,5.Atl,33)*A(I°91}.All,41].Al],_31,A(1)3f)

6,7.OOF°PERCF.E_UIV

6,22

6,23.Pl°P

6,2_Tl)T

e,ES,HI,ANSI_I

6,26)A_S(SI

b,27,AMI*A_S(6)

2a:,,

287.

2B76

2at?

2aTa
2a?_

28a3

2_a2

2_B_
2_B7

2B_

2BB_

2ego

Z@_I
2Bg2

2B9_

2B_

2e9_

2896
2B_7

2a_a

2_9_

29O0

2901

2_02

29O3
290_

29O5

2_06

290_

2909

29]0

2gll
2912

2913

291_

2915

2916
Zgl_

zgla

2_ZO

2921
2922

2_3
ZgZ_

_gz_

2_Z_

29ZB
29_

29_0

2_31

29_2
2_3

293_
293_

29_6

2_37

2g_

29_0

29_1

2_2
29_

29_

2e_
2g_7

Eg_

29_

2950
29_1

2952

2953

2g_
29_

2956

2gsT

2958

29_9
296O

2961
2962

29_3

296_

2965
2_6

29_7

296a
29_9

2_70

2971

2972

2973

297_
29;_

2976

29_?

29?8
2979

29a0

29al
29a2

Eg83

zg8_

29a_

298_
Z98T

?9a_

zgsg

2990
2ggl



116



li?



118

SU_ROUTINE CORE5

OUFPUT ROUIIN[

COMMON C

_OUIVAL[NCE

_OUIVALENC[

E_UIVALENCF

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

ZQU]VALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

(QUIVALEN(E

_OUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENCE

EQUIVALENEE

qPERCF, C(1557)Jj (EOU_V, C{155BJ)

_MOFROZ, C(15661_

(MM° C_176_

_IPROB, C_2316_I, _IFIXT, cr2_:7_

(IN, C_80_6)]

rTITLE_I_, C(80E51], (TITLE(_I_I, C(B3_9_

(ELMT_I_, CqIS0_ll, {EL_TItS_, C(IE_I)_

EQUIVALENCE IPAR_I), C(@@?Oll, _RAR{2OBI, C(B577))

E_UlV_LEN¢[ IAMOLII_* C{9E6BI_° _OL_I170). C(I0_7_}

_ANSI45_

_IMENSlO_ BOX_I_I,BOFIIS),_O(I_

DIMENSION AMOL(I_,_0)

EXI_-2_7_163_O60

F_R_AT _gHOCASE N_.IE.F_°_F?°3_

EOR_T (IMO._4X._6HWT FRACTION ENTHALPY STA?E rEMP OENSITYI

22_X,16HCHEMICAL FOR_UL_,2_IOH{SEE NO_EI,_X,7_C_L/MOL*IOX,

FORMAT (!MO._X,_6HWt FRACTION E_HALPy STATE TE_P DENSITY/

25×,|6HCHEMI_AL FO_MUL_,_X,IOH(SEE NO?E_,_,?HCAL/_OL,

? FORMAt _IH0°_OX,_H01F=F_._,I_, PERCENT EUEL-F_._,_0_, _UIVALE_CE

I R_TIO=_?._,IOH, DENSITY=_?._)

00 60 I'l,l_

_Q ASaLIII-EXtT

IF{IPROB-2_0,_O,_EI

_0 NASA-2

GO TO _2

_St N_A-I

_2 _EW[ND

KANE • _ANA

_TAPE-0

_00 READ T_PE ], {ANS(II,I-I_4_

_rAPE-KrAPE+I

_ALL-_NsIIg)

IF(_E-llgnE,_01,20_

_01LEN=NOE_

_0_ LEN-NOFROZ

20_ IF(LEN-I]_I0_,I02,IO_

106 0=_

DO i0_ I'I,_

_K-J÷II

I0_ TITLE(II,II-ANSr_K_

M_y-I

IO00 WRIte OUTPUT ?_PE 6,_

18 FORMAT rtH1_

CALL _EAD

ASSIG_ 90 T_ JEA_

91 w_IrE OUTPUT TAPE 6.2,_SE_n_L,9OF

00 TO JEAN.(90,_I]

_ W_IrE OUTPUT tAPE 6,_

GO TO 9_

_3 W_IT_ OUTPUT _P[ 6,_

3_i DC 10e I=I,_V

_l=I

MM-15

CALL SPEC

IF(KD_401,_O0,_01

_o0 WRITE OUTPUT TAPE _,_ _ .]_ °_],_,_(_,_2_,_I,_,_(I,_6_

_,o ro 100

_01W_I_E OUTPUT T_PE _,_,_I,_°_{_,_],_I,_2_,_qI,,,_},_,_6J

I{,0 CONTINUE

35O IE{NO_S_°_52_

_ _0 I01 I=!.NO

£_LL S_EC

_o TO I01

_ii _RITE OUTPUT ?APE _,_°_(I._3},A(_,]IJ,A_I,_,A(_°_._,3_J

101CON_I_U_

_2 CONTINUE

wRrrE OUTPUT ?APE 6,?°OOF,_[RCF,E_UIV°_ALL

IFrKODEI 51°5_°_I

50 IN'LE_

Oe TO _

_2 IN=_ODE

KONr=I

GO TO _
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KODE,0
56 CALL READ

IF(IPROB-2b600,600,G01

601 WRITE OUTPUT TAPE 6,602

602 FORMAT I_7NOEQUILIBRIUM THERMODYNAMIC PROPERTIES}

CALL PERPAR

GO TO 206

boo _RZTE OUTPUT T_PE 6,8

8 FORMAT []tHoPARAMETERS_

IFIMAY-IIGW,63,6_

6_ KK=IN-2

WRITE OUTPUT TAPE 6tGID(ASOLIII,I=], KKI

61 FORMAT (IHO,16X,TMCHAMBER,4X,THTHROAT ,]OI3X,A6i,3X,A_I

Go TO _

6_ WR]TF OUTPUT TAPE 6_66,1ASOLII},I-I,IM}

68 FORMAT (IHO*ISX,13()X,AE})

85 CONTINUF

CALL PERPAR

IFI_E-I)206,205,206

205 WRITF OUTPUT TAPE 6199

99 FOR_ATflH )

WRITE OUTPUT TAPE b19

? FORMAl [12HODERIVAT{VESI

[FIMAY-13 503,502,503

_O3 CALL BERBER

GO TO 504

502 CALL PEROEY

5o_ CONTINUE

206 WRITE OUTPUT TAPE 6o99

WRITE OUTPUT TAPE 6110

1o EORWAT (15HOMOLE FRACTIONS/I]

CALL COMP

207 WRITE OUTPUT TAPE 6t16

16 FORMAT IIH0,S0X_I6HINPUTI G-ATOMSIG/I)

]F(NF-8180,80,81

80 KK'I

KKK=NE

LOOP']

GO TO 82

81KK = ]
KKK=8

LOOP-2

82 DO 8S J/l,lOOP

WRITE OUTPUT TAPE 6tllDIELMTIIItI=KKtKKKl

11 FORMAT (I]X,B46X,A2tTX})

WRITE OUTPUT TAPE 6oI2,(BOF III,I=KK_KKKI

12 FORMAT ISH FUEL*GX_BEIS*TI

WRITE OUTPUT TAPE 61131(80X (II,I=KK,KKKt

13 FORMAT (BH OXIDANT,3X,BEIS*7}

WRITE OUTPUT TAPE 6tl_,(B0 (IItI=KK_KKKI

I_ FORMAT [llH PROPELLANT,BEI_,7)

IF (LOOP-]) 86,85,86

86 _K=9

KKK=NE

WRITE OUTPUT TAPE 61]_
15 FORMATI]HOI

8_ CONTINUE

ASSIGN 91 T0 JEAN

GO TO 92

91 WRITE OUTPUT TAPE 61119

119 FORMAT IBHONOTE,*2X$71HWEIGHT FRACTION OF FUEL IN TOTAL F_ELS AND
fOE OXIDANT IN TOTAL OXIDANTS)

IF(KOBEI96,95,96

GO TO looo

95 IFINANA-I_0S,Z00,20B

208 NANA-O

200 CONTINUE

RETURN

END

SUBROUTINE HEAD

OUTPUTS PROPER HEADING ACCOROINO TO PROBLEM NUMBER

CO_MON C

EQUIVALENEE IIPROB_ C(23%6I), (ME_ C(1769))

100 FORMAT _ 2_X,BOHTHEORETICAL RCCKET _ERFORMANCE ASSUMING EOUILIB

2_l_m COMPOSITION _URI_O EXPA_SION_

200 FORMAT I 25X,TSNTHEORETICAL ROCKET PERFORMANCE ASSU_I_G FROZEN

2C0_POSITIO_ DURING EXBANSIONI

_O0 FORMAT _ 25X,a0HTHEORETICAL ROCKET _ENFORMA_CE ASSUMIN_ EOUILIB

ZRIUM COMPOSITION DURINO EXPANSION/_4X,2SHFROM AN ASSIGNED TE_PERAT

3URE_

_OO FORMAT I Z_X*I_THEORETIC_L ROCKET PERFORMANCE ASSU_I_ FROZEN

ZCOMPOSITION DURING EXRANSIO_/_X,ZBHFROM A_ ASSIGNED TEMPERATUREI

500 _ORMAT [ 25X,74MT_EORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE

2_ PRESSURE AN0 TEMPENATURES_

_00 FORMAT [ 25X,7_HTHEORETICAL THERMODYNAMIC PROPERTIES AT ASSIGNE

Z_ TEMPERATURE AND PRESSURES)

IFIIPROB-2II,Z,10

IO IFIIPROB-_I3,_,_

I IF[ME-]_I_,II,12

ii WRITE OUTPUT TAPE 6+IO0

RETURN

12 WRITE OUTPUT TAPE 6_2OO

RETURN

Z IFIME-III_,I_,I_

13 WRITE OUTPUT TAPE 6_00

BETUBN

i_ WRITE OUTPUT TAPE 6_400

_ETURN

3 WRITE OUTPUT TAPE 6_O_

_ETURN

WRITE OUTPUT TAPE 6,6OO

RE_URN

END

SUBROUTINE BERBER

OUTPUTS PERFORMANCE DERIVATIVES

COMMON C

EOUIVALENCE (IN, C(iO_6)l

EOUIVALENC[ (BER(1)$ CIiB4_eII_ IPERII691, CII06OGI)

OIME_SION PERII_,I_)
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FORpAT t15H0(l)LI/DLPCiPC/PI3F_*_I

_O_MAT _16H IDLAR/DLPCPPC/P_8.5_t_F_.5_
FORMAT (16_ (_LCS/DLPCPPC/PFB.5_I2Fg.5_

0 F_RMAt (]SH _C'LT/OHC_PC/P'I_Fg.5_

_ FORMAT _I_M _DLAR/DLPCP_S t3Fg.5]

wr_ITE C JT_UT TAPE 6_I°_PER{I,2_,]=I,_N_

WF_T_ _UT_U_ _APE 6,9

RETI_R_

S_ROUT_E PEROEY

ULJT_L_T_ PERFORMANCE DE_IvAt_VC_

_OMMON C

D1ME_IO_ P_Rtl_,I_)
1 _ORMAT _HO_OLItOLPC_PC/P,gX,12Fg°_

2 FORMAT _15H IOLT/_LPC]PC/P_Fg._

FLaRe,AT _1_,_ _tCS(OLPC_PC/P,_X,12Fg. SI

6 FURMAt _]_ _LT/D_C_PC/P'I_Fg._)
? FORMAT {16_ tDLAR/_HC_C/P_._X.12Fg._)

e _O_T _16H "(He l_ KCALIGI_

WR_TE C L:r;'UT TA_E 6,_'._ER_]_I},I=]°IN}

_RITE O_TPUT TAPE 6._,_ER_I,_,I=2,1N)
WR!T_ CLTPUT TAPE 6._°_PER_I,_,]=2,_N_

COMMON C

_'C ¸ _ _=l,l_

N=I

IO0 REdO T_PE _.(ANS_=I,_

i _,L_T]_,'F

_UB_OUTINL P_PAR

OUTPUTS PERFORMANCE PA_AMETEnS

COMMON C

EOUIVALENCE (KODE, CN176811

EOUIVALENCE II_* CIBO_6111 {MAY, C(1167)_

_t_ENS_ON _AR_I3,16},NN_I_I

II FORMAT (BH P, ArM ,TX_
12 FOR_T _gM I, DEG K,_X,131_

13 FORMAt (gH H, CAL/G,_X,I_F_.I_

16 FORMAT _IIH {DL_/OLP}T,_W°IgFg°_)



1O FORWAT FISH CP* CAL/IG)(K)I!F9.41

19 FORMA_ {6H GAMMA,gX,13Fg._)

20 FORMAT _12H MACH NU_E_,_X_13_9o3_

21 fORMAT _I_HOCSTAR, FT/_EC 1319)

22 FORMAT _3H CF,IZX,13Fg°3)

23 FORMAT _bH AE/_T.gX,13Fg°3_

2_ FORMAT _lSF_ IVAC,L_-SEC/LSI3Fg. I_

2_ FORMAT {l_H I. LB-SEC/L_ 13_9°i)

IF_RODE-I_2,1,2

I WRITE OUTPUT TAPE 6,111

Ill FORMAT C_OP, AT_ *_X)

GO TO

WRITE OUIPUT TAPE 6,_0

CALL VAR(I}

WR_T_ OUTPUT T_P_ 6,11

CALL VAR(2_

DO _0 I=l,_

WRITE OUTPUT TAPE _,12._NII_,l=l,l_

WRITE OUTPUT TAPE _,I_.(_AR_I._},I-I,I_}

WRITE OUTPUT rAPE 6,1_,_PAR_I,_),_'I*I_}

6 WR_T_ OUTPUT "_PE _,I6,(PAR(I°_°I=I.IN_

W_TE CUTP_JT T_PE 6,17°(_AR_I,_)_=I+IN_

W_IT_ OUTPUT TAP_ _,I_._PAR_I,?_,I-I,_N)

W_ITL CI_T_'IJT T_PZ 6,19.CPaR_I,IO_,I=I._

_,:, R_TCRN

_ _RITE OUTPUT TAPE 6,_O°(PAR(I,I_.I=I,IN)

W_[TE _UTPU_ TAPE 6._2,_A_,_S_.I=2.1N_

WRITE _UT_L_T TAPE _,_

C_LL VaR(_)

WRITE OUTPUT TAPE 6._,_AR(I._,I=P*IN_

_ FOR_T _l_H IV_C.LS-SEC/LB.gX,12F_o_J

_ETU_

51 WRITE OUTPUT T_P_ _PI,(,_N(I},[=I°_N)

_ITE OUTPOST TAPE 6,2_,_A_],16_.I=i,_

_R_TE OUTPUT T_PE 6._

CALL V_R(_I_

WR_T_ _TPUT T_PE 6,2_,(PAR(I,I_},I_Z°IN)

W_IT_ CUTPUT _PE _,_,(PAR(I.I_},I=I_IN_

R_TL_R_

SU_ROUI_NE VAR(INDEX_

S_ECI_L FORMAT FOR PC/_,P, aNO _E/AT

COMMO_ •

EOU[VALFNCE {[_, C{_0_6)), (MAYt C(1767_}

E_UIVALENCE rPARII_, C_S_70_, _P_R_206_, C(B577_)

D[M_S_C_ FMTr3_,PARrI_,I6_,_E_(_,AMr_I,TEMM_I_)

TE_M(_)=60010_677_6

TEMM(2_=60020_77_2_

TE_(_=600_02677_26

TEMM_=600_01_77_

TEM_(_=_O0500677_6

T£M_(6)=6005116773_6

TEM_{I_=600610S77_

TEMM_=600707S77_26

TEMM_9_I_O_O066_7_6

TEMM_IO_=60110_677_

_MT_I_-7_01_0_07_60

TEM(2}_I.0EO_

TEM{_}=I._E06

aM_2_=TWO

AM(_)=ONE

GO TO

AMinO-TWO

GO TO

IEM_I}=IO.O

IEM_)=IO0.O

A,_42)=TWO

iO FMI(3_fJ_

ii WRITE C_:TPUT TA_'F _.FMT,P_R_I,!NDEX_

G,_ TO

_RIT_ OUTPU_ T_PE 6,_MI,PARI_,I_DFX_

CONTI_UF

RETURN

121
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TABLE V. - NEWTON-RAPHSON ITERATION EQUATIONS FOR

CALCIII_TING CHAPMAN-JOUGUET DETONATIONS
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TA_Z_E X. - I_URETICAL _UC_ET PErFOrmANCE AS$UMIN3 EU_ILIORIUM COMPOSITION DURJNG EXPANSION

CASL _0. 51 500.0 O.

WT FRACTION ENTHALPY STATE TEWP OENSIrf

CAL/MOL OEG K G/CCCHEMICAL FORWULA

FUEL N 1.00000 H 4,00000 CL [.00000 0 _.00000 0.12060 -T07]0.000 S 278.[5 -0.

FUEL H 1.86955 O 0.03120 C l.O0000 S 0.008_1 0°18280 -2999.082 L 228.[5 -0.

FUEL AL I.O0000 0.09000 O. $ 298.[5 -0.

FUEL O l.OOOO0 MG 1.00000 0.00200 -t_IlO0.OOO S 298.15 -0.

FUEL H 2.00000 0 1.00000 0.00160 -683[7.399 L 298.15 =0.

O/F= O. , _ERCENF FUEL=IO0.O000, EOUIVALENCE RATIO= 1.9_B0, DENSITY= O.

CHAMDER THROAT L_IT EXIT EXIT EXlI EXIT EXIT EXIT EXIT EXIT EXIT EXIT

PC/P [.000 |.777 2.500 2.T50 3.000 3.250 3.500 4.000 |0.000 34.023 |00.000 1000.000 10000,00

P, AIM 34.02 |9. IS |3.01 12.31 IL.34 LO.4T 9.72L 8.S06 3.402 1.000 0.3402 0.O3_0 0.003_

I, _EG K 2737 2492 2J_1 2317 23L7 2317 2302 2248 LQO0 1503 [2LQ T90 52g

He CAL/G -465.0 -_L3.9 -_8_.1 -TO3./ -721.0 -736.8 -/SL.5 -77T.S -939. T -lll7*O -1241.9 -1456.0 -1563. L

S, CAL/(O)I_I 2.5264 2.5264 2.SZb_ 2.SZE_ 2.5265 2._265 2.5265 2.526_ 2.5264 2.5264 2.5264 2°5264 2°22b_

M, M]L WT 23.[20 23.192 23.217 23.22| 23.220 023.218 23.220 23.22T 23.2S| 23.256 23.25N 23.256 23.422
[ULM/OLPII 0.00294 0.00147 0.00092 0. O. • 0.00005 0.00069 0.00013 0.0000[ 0.00000 -0°00000 0.0|_02

(OLM/OLTIP -O.05Bb -0.03|0 -0.0203 0. O. 0. -0.0[90 -0.0156 -0.0032 -0.0002 -0.0000 O.OOOO o0.3060

LP, _AL/(G)IXI O._7BT 0.5265 0._33T 0._b06 0._502 0.4_00 0.4959 0.488| 0.455| 0.4A4L 0.4_02 0._699 0.99T[

bAHiA l 195b L.201| 1.21T_ 1.2282 L.229T 1.2310 1.2tTt /.21q? 1.2329 1.2384 1.2409 1.2223 1.1515

MALH NUMBER O. |.000 |._T9 |.340 1.39[ /._36 1.49| 1.579 2.132 2.819 3.A22 _.803 6._$8

CSTAR, FT/SEC _015 _315 501_ 50|S 5015 5015 50|5 50|S 5015 50[5 5015 5015

CF 0.579 0._5 O.BB> O.qL9 0.950 0.977 |.024 |.2Tb |.50A }.646 L.8_6 L.955

AE/AT 1.000 1.0_5 1.|03 l. lSQ I.ZLS L.26_ L.346 2.218 5.200 1l.33 65._T _O_.2

IvAC)LB-SEC/L_ I93.6 IqB.2 200._ 203.5 206.3 208.6 212°0 2]_.4 258.3 214,3 297.9 312.7

I, LB-SECILB , i05.9 13I.B 13B.O 143.3 [_B.O I52.3 159._ 198.9 234.5 25b.b 287.7 30b.3

DERIVATIVES

DLI/OLPCIPC/P O.OO23? 0.00|9_ O.001B/ 0.OO|7O 0.00157 0o00149 0o00143 O.O00N6 O*OOO57 O.0OO39 O.OOO2O O.O002T

OLT/DLPCIPC/P O.O08TL 0.OO459 O. 00ZT3 -0.O00TI -O.OOO/6 -O.OOO75 O°OO258 O*OOlDT -0.00041 -O.OO|O4 -0.00109 -O.OO|O2 0.02512

OLAR/OLPCIPC/P -0. -O. OOlO0 -0.00_$2 -0.00332 -0.00320 -O.O006L -O.OOlO! -0.00239 -0.0025| -O.OOZIT -0.002LI 0o017_7

OLCS/DEPC}P_/P 0.00069 O. OO089 O.OOO89 0.00069 O.OOO89 O.OOO89 O.OO089 O.0OO89 O.OOO89 O.O008g O.OOO89 0.00069

OLI/OHCIPC/P" 0o3_17 0.35_9 0.35042 O.3248O 0.30_33 O.298|2 0.30520 0.33631 O.35673 O.36623 0.3T404 0.37_07

OLI/OHCIPC/P- 0.63L88 0.09_I0 0./25_ 0.T9342 0.79T50 0.80L30 0. T3687 0.74662 0.0029T O.82289 O.83OO8 0oT77_ 0.360_9

OLAR/DHCIPC/P, 0. 0. OLT_ 0o0T_53 O.1O323 0.12750 0.08327 O.OBSE2 O.09QTT O.O9685 O.O9439 O.03_IN -0.26_I/

_L_S/D_C)PC/Rm 0.36947 0.36_/ 0.369_I 0.369_7 0.3694T 0._09_7 0.369_/ 0.3694T 0.369_T 0.369_T 0.369_T 0o369_7

• I_C IN _CAL/G|

IOLI/ULPCP)2 0.B28_8 O. S03_b 0.4232_ 0.42015 U.39370 O.36953 0.326T3 0.17850 0.L0158 0*06062 0.035_ 0.02003

10LI/OLPCPIS -O.1573O -0.1678| -O.I/IT2 -O.18SB| -0.18678 -O.l_T68 -O. LTS86 -0.17801 -0.18842 -O.[92AT -O.19_ll -0.18|82 -O.lllIO

IOLAR/DLPCPIS, O* 0.3202T 0.3609T 0.3930T O._IB6Z 0._52|3 0._9118 O.6326O 0.T0592 0. T3707 O.T826T O.BAT61

MULE FRACTIO_S

ALLCLIIGI

ALLCL3(GI

AL|OLCLI(GI

C2W_41GI

LL_)LI_I

C|U21GI

C|OIS|IUI

CL|IGI

,1|I_I

_21bl

_ICLIIGI

_i_|UtIO)

_|S|IGI

,_2SIIG)

M_II$1

_LCLIIGI

_GICLZIGI

_U|H|(G)

_2{0)

_L_IIG)

J|I_I

0LH|IGi

S|{0)

5LL_|IGI

5L,J21G)

M_IOI(SI

M_ICL21SI

AL2OOISI

AL205(LI

0.000[8 0.00004 0.00002 0.0000[ O.O000I O. O000L 0.00001 O.O000t O. O. O. O. O.

O.O000l 0.0000_ 0.00002 0.00002 0.00002 0.00002 0.00002 0.0000[ O. O. O. O. O.

0.0006_ O.O002L 0.0000_ 0.00008 O.O000R U.OOUOB 0.00008 0.00002 O. 0. O. O. O.

O. 0. O- 0. O. O. O. O. O. O. O. O. 0.00192

0.20432 0.26356 0.2bZlB 0.20255 0.26252 0.26250 0.26239 0.26[96 O.2STTO 0.2415| 0.232_[ 0.17527 0.11892

0.01780 0.01926 0.020_ 0.0205_ 0.02063 0.02063 0.02076 O.O21_l 0.025_I 0,03596 0.05[00 0.10BOZ 0.162_9

0.00005 0.00005 0.00005 0.00006 0.00006 0.0O006 0.00006 0.00006 0.00006 0.00005 0.00004 0.00003 0.00002

O.O0|T6 0.00090 O. O00b_ O.O00bO 0.00052 0.00054 0.0O052 0.00042 O.O000T O. O. O. 0.

0.006[9 0.00309 0.00|93 0.00L68 O.OOITS 0.00182 0.00175 O.OOL_L 0.00024 0.00001 O. 0. 0°

0.32142 0._243N 0.3259_ 0.3263_ 0.3_53b 0.32_)t3 0.32651 0.32Tl5 0.33209 0.34217 0.35702 0._1399 0.46288

0.13119 0. L3354 O.13_IS O./)_2t 0.L342_ 0.13421 0.13425 0.13_2 0.1349T O.i35Bl 0.[3695 0.13715 0.13586

O.O000l 0.00003 O.00002 0.00002 0.00002 0.00002 0.00002 0.0000| O. O. O. O. 0.

0. l_646 O.I_S5_ 0.14_72 O.L_/ 0.L44_5 0.|44_3 0.1_430 O.14JB/ 0.L396_ O.tZDLO O.LII_5 0.05620 0.00782

0.00045 0.00033 0,000_5 0.0O023 0.0002_ 0.00025 0.00025 0.00022 O.O000T 0.0000| O. O. O.

0.0012_ 0.00L79 0.00193 0.30|90 0.00194 b.00L93 0.00193 0.00L99 0.0022_ 0.00233 0.00234 0.00236 0.0023R

0.00007 0.00003 O.O00Ol 0.0000| 0.0000[ U.O0001 0.00001 O.O00OL O. O. O. O. O°

0.0000| O. O. O. O. 0. O. O. O. O. O. O. O.

O.O010l 0.00l_8 0.00109 O.OOllO O.OOlOg 0.00109 0.00109 O.OOllO O.OOltl O,O0072 O.O0011 D. O.

O. O°0.00001 O. O. O. O, O. O. O. O. O. O.

0.06830 O.ObB4T 0.06B_ 0.0685_ 0.06855 0.06855 0.06855 0.0685/ 0.0686A 0.06862 0.06858 O.0685T 0.06905

0.00003 0.00001 O. O. O. O. O. O. O. O. O. O. O.

0.00001 O. O. O. O. 0. O. O. O. O. O° O. 0.

0.00016 0.00029 0.003|_ O.O00l_ 0.00013 0.00014 O.O00L3 0.00009 0.00001 O. O. O. O.

O.O00lO 0.00005 0.00003 0.0000_ 0.0000] 0.00003 0.00003 0.00003 0. O. O. O. O.

O. O. 0.O.O001T O.O00ll 0.00007 3.0000_ 0.00001 0.00007 0.00007 0.00006 O.O000l O.

O.OOOOT 0.00005 0.3030_ 0.00034 0.0000_ 0.0000_ O.0OO04 0.0OOO4 0.0000| O. O. O. 0.

O. O* 0.00039 0.00|00 O.O0111 O.O. O. O. O. O, O. O.

O. O. O. O. O. U. O. O. O. O. O. O. 0.001|2

O. O. O. O.OOlDt O.OITOZ 0.03093 0.03T23 0.03726 0.03733 0.03T33 0.03730 O.0373O O.03756

0.03671 O.03TLO 0.03/22 0.03532 0.02021 0.00630 O. O. 0. O. O. Oo O.

AOO|TIONAL P_3OUCTS WHIC_ WERE CONS|OERLO _UT WHOSE MOLE FRACIION_ WERE LESS THAN 0.000005 FOR ALL ASSIGNEO CONDITIONS

ALiI&) ALIUI(GI CIH3(GI C2H2(GI C2N21_) CL2101 CLIOI(GI MGIOIIG} MGL01HII0) NIHI(G)

NLO21GI 02101 SI03(GI SL(S} MGICL2(L) MOtl_l MGIILI C|(SI AL_IS) ALI(LI

PR00UCTS WHICH WERE INTENTIONALLY OMIr;EO FROM CALCULATIONS

AL2(UI ALIHIIOI ALZOL(&) AL202(01 CI(GI C2(GI CI(GI CICL[(GI C[CL_IGI C[HI(G)

CLH21GI CIH410) CINIIG) CLOICL2101 CISIIGI CIS2(OI CLICINIIGI ELL02(O) CL2OI(G) HICIN[(G)

M01SL(G) NI(0) NIHII0} N201(G) NISIIGI S2(G) SICLI(G) SICL2(GI S2CL21G) SIDICLIIGI

S|O|CL2(GI

INPUT, G-ATO_S/O

N H CL 0 C S AL MG

O.bL32922E-02 O*_B39509E-0L 0*6|32922E-02 0o2_00009E-0| 0.1_6692_E-01 O.lOb6117E-03 0.3335004E-02 D._96031_E-0_FUEl

OXIDANT O. O. O. O. O. O. O. O,

PRL)PELLANT _.6L32922E-02 0._83950NE-0| O. bI3292ZE-02 0.2506609E-0[ 0.126672_E-0! 0.106611/E-03 0.3335804E-02 O,_Db031TE-O_

CASE NO. 51 500.O O.



136

_2A_LE XI. - THEURETICAL _J_EI PErFOrmANCE ASSUMIN_ F_ZEN CDMPOSITIDN UJRING EXPANSIO_

LA_E NU. _| 5OO.O O.

WE FRACTION ENTHALPY $1ATE TEMP DENSIT_

CHEMICAL FOKMULa CALtMOL DE& A G/C_

FUEL N 1.00000 H _.OODO0 _L L.UO000 0 _.00000 O.72O6O -T0730.000 5 ZgB.15 -0.

FUE£ _ [.86955 0 0._3L2_ C 1.00800 S 0._0841 0.X8_80 -299q.082 L _9B.15 -0°

FUEL AL I°O000U 0.09000 O. $ 27B.I_ -0.

FUEL 0 1.00000 MG l. O00UO O.OO2OO -XAD700.O00 $ ZgB.I_ -0.

FUEL H _.00000 0 X.OOOUO O.O01bD -683|7,399 L 29B.1_ -0.

O/F= O. , PERCENI FUEL_ZO0.O00_, E_UIVALENCE RAT[O= I._HO, DENSITY- O.

PA_RME[ER$

CHAMBER THROAT ERI! EXIT

PC#P L.O00 |.T8_ 2.500 2.T50

_, aTM 3_°02 l_.0Z L3._L L2.31

[, DEG _ Z731 2A_9 Z3|L 2270

_, CAk/G -_85.O -61_.6 -_83.3 -7O2.O

S, CRU/(G)[RI 2.52b_ _.52_ 2.526_ 2.52b_

M, M_L WT 2).L26 23.1_ 2_.L2_ 23.X2b

_AM_A I.ZZ_B L.2Z/_ X._ZN_ L.2301

_aCM NUMBE_ 0. 1.000 L._I_ L.3_5

A_/At |.OOO L.Ob2 L.ON_

[WA£,LS-SEC/L_ L_.8 L_7.L L99.2

MULE FRACr[Oq_

A_XCLI(G) 0._O0i8 ALLCL_(_) O.OOOO7 ALLOICLL(G) O.OOOb_ CIOL(GI O.26_3Z

C£OZI_) D._LTB0 _LJISLt_J O.OOOO5 £LL(G) 0.OO176 HIIGI O.O0_L9

,21G] 0._X_Z _L_X(U) O.13X?9 _LCLDL(GI O°OOO01 H2OL(G) O.LAb_b

HI$L|&) _.000_ _SI(_) 0.00153 MGL(_! O.OOOOT MGLCLL(G) O°OOOOL

MGLC_2(_) 0.DOIOI _GIHX(G) U.00001 N21GI 0.ObB30 Nl0|(_) O.OOOO3

OI(G) 0.0OOO! 01_t(G) u.0007b S l_l OoO00LO SIOLIG) O.OOOL7

AUU|T|ONAL PRODUCTS WHIC_ WERE CONSIDE_tU UUI WH_E MOLE FRACI|ON$ WERE LESS THAN D.D00OO5 FOR AlL ASSIGNED CONDIIIONS

ALI(_) ALLOI(G) CXH3(G) _M_(_l C2H_IG) C2N_IGI CL2(G] CL|OIIG_ NGIOL(_) MGIOIHII&I

_[_I(G) NI02(GI OZIG) SXU31GI $L(S) MGIOL($) MGICL2($) MGICL2(LI MGL(SJ _e_;Ittl

LLIS) A_2U3(S) ALIISI ALXIL)

PKLIDUEIS WH|C_ WER_ INTENIJUNALLY OMIIILD FROM CALCULATIONS

AL2(_I AL|II[(_| AL20_(_I AL_21G) CLI&)

_LHZ(_| CL_4tG) CtNLIG) C_ULCL2IG) CIS|(G|

_bLSL(G) NL(G) NIH3(G) _23L(_) NLSI(G)

_LUICL2IGI

INPdT, _-AT3HS/G

C2IGI C3(G) CLCL|IGI CICLk(G) CIHLIG)

ELSZ(G) CLICLNLIG) CLIOZIG) CL2OIIG| HLCLNLIG|

S2(GJ $XCLL{GI SLCLZIG) SZCL2(GJ _IOLCLIIGI

H CL J C S A_ NG

_Lc D.bL32@2ZE-O2 0.#a_g50gE-3i _.SL32922E-O2 O.250bbDgE-DL O.126692_E-0L 0.LO66LITE-O3 O.3315B0_E-02 0._NbO3lTE-O_

U_IUANT _. O. _. 0. 0. 0. 0° 0.

_L_FLLANT _.bL329ZZ_-OZ 0._9_0_E-_L _._L32_22£-02 O.2SU_6UNE-DL 0.126692_E-0L 0.L066LLTE-O3 O. 333580_E-O2 O._9_O_|7_-O_

CASE NO. 5l 500.0 O.



13S
T_LE X_. _ IHEORETICAL THLRMOCYNAMIC P_OPERTIES A1 AS_iGNE_ P_ESSUHE AND IERVt_AfURES

CA_E NO. _0 0.1 34.2_3

WI FRACJIC_ ENT_ALPY SlaTE rEMP DENSITY

CHEMICAL FC_NULA CALIMCL 0EG K G/CC

FLEL H 2.OOOOO 1.00OOG 0. G ZqB. I5 -0.

OxIOANT N 0.18088 O 0.20919 AX 0.00466 C O.O00I_ 1.00000 -7.202 G 298.15 -0.

0/F_34.292_Ul. PERCENT FUEL- 2.B336, E_UIVALENCE RAIIU_ l.oooo, OE_StTyt O.

E_UIL[SRIUM ;HE_NOOYNAMiC P_O_ERT|ES

P, _T_ 0.0100 0.0_00 0.0_G0 0.010o 9.0100 O.OIO0 0.0]C0 0.0|00 O.cJCO 0.0100 0,0100 O.OlO0 0.0100

T, CEG A 6000 5500 50_0 _500 _000 _00 _000 2500 20OO 1500 I000 500 100

S_ £_LIIG);K) 5.5B53 5.232_ _.6091 _.5420 4._066 4.3071 4.0119 3.2550 2.93_1 2.7976 2.6502 2._269 2.2737

M, ROL WT 10.995 LL.982 L3.}17 L4.L92 L_.5L9 14.7_5 Lb.261 22.051 2_.416 2_.641 24.6_8 2_.6_U 2_.640

IDL_/DLP)T 0.03312 0.05700 0.0_07 0.01_9 0.00470 0.01138 0.07459 0.04710 0.003_ 0.00009 0. 0. O.

IDLM/DLT)P -0.6567 -[.22_Z -0.e9t8 -0.339L -O.tO_l -0.1834 -1*_L00 -L.1183 -0.1098 -0.0036 -0. -0 • -0.

CPe EAL/(GI(K) 2,881I 4.8553 _.58_ 1.61_] 0.8065 0.8612 3.7L_2 2.8329 0.6812 0.3899 0.3_k9 0,3052 0.29e,8

GAMMA 1°161_ 1.1261 1.12_ 1.1582 1.2535 1.2625 1.1319 I.|O_T 1.1617 1.26_0 1.3050 1.3591 [.]7J0

MULE FAACTION$

6_IIG)

CI4G)

C_OIIGI

C1U2IGI

HIIGI

NII_I

NZI_I

N|(;119_

Ol(&l

OL_I(GI

0.003_ d.00375 0.00411 0.00_4_ 0.00454 0.00_61 0.90509 0.00690 0.0CT6_ 0.00771 0.00771 O.OOT71 0.0077l

0.00009 0.00005 0.0000I O. O. O, O- O. O. O. 0. O. O.

0.00002 0.00007 O.OOUl_ O.O00I_ 0.00015 0.00015 0.00016 0.00015 O.COCO_ O. C. O. O.

0, O. O. O. O. 0, 0.00001 0.00007 0.00021 0.00025 0.00025 0.0002_ 0.00025

0.30905 O._bTH 0.31471 0.39852 0._0622 0.40080 0.32001 0.06585 0.00186 O. 0° O. O.

O. 0.00001 O. OUO03 O.O001J 0.00065 0.00663 0.0_L38 0.06921 0.01|18 O.O00_/ O. 0. O.

O, O. O- O. O. 0,09910 0.01114 O.LEB7T 0.32669 0.36582 0.3_0_2 0.3_6_2 0.34642

9._8942 0.35_1[ 0.16863 0.0522_ 0.01071 0.00135 0.00009 O. C- O, O. O. 0.

0.04323 0.13665 0.26_6_ 9.3449_ 0.373Tl 0._8279 0._2085 0.5_03 0.63898 0.64546 0.6_56_ 0.6_562 0.6_562

0.00001 0.0000L 0.00001 0.00001 O,CO00L 9.00901 O. O. O. 0. O. O- O.

0.00012 0.0003_ 0.00970 O°O0_ 0.002_8 0.0050_ 0.0[008 0.00726 0o00113 0.00004 0. 0 • O.

0.15462 0.16825 0.1_b_ O.I9BOB 0.200T7 9.1950_ 0.143_9 0o0_3J5 O.CO0_T 0, O. O* 0.

O. O. O.0909t 0.0000_ 0.00018 0.00159 0*0162T 0.0_63I 0.00509 0.00020 O. O. O.

0. 0.00001 0.0000] 0.00012 0.00058 0.00393 0.03084 0.0)010 0.00_12 0.00008 O- O. 0.

&DOITIONAL P8ODUCIS WHICH WErE CONSJDEWED BUI WHOSE MOLE FRACI|ONS WERE LESS TH_N 0.000005 FCR ALL ASSIGNEE CGNOITION$

C2(G) C3IG) CIHIIG) CLH2(G) CIM3(G) CIH_IG) C2H2{G) {ZH_lG) EINIIGI C2N21G)

HLCLNIÁGI HICLOL(G) NtH31G) NL_2(G# N20L4G) EllSI

INPUT, G-ATONSIG

H N 0 AR C

FU_L 0.9920635E O0 O. O. O. O.

OAIDANI O. 0.5391588E-01 0.I_0528E-01 0.32E8875E-03 O.IC3S61_E-O_

PRCPELL&NT 0.2010945E-0I 0.5238821E-01 0,140_85E-01 0,312_670E-0] 0.L006329E-04

CA_E NO. 50 O.l 34.293
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ib'{_LE Xiii, - oLILjNATION p_0pE_TIES ,IF A_ IDEAL rE_CT|NG GAS

52 14.T3 2_0. L5

RI F_AcTILj_ EN[HALPY SIdlE TEMp HEAT CAPACIIY

CHE_ILAL FOrmuLa CAL/ML)L 0EG K EAL/MUL-U_ K

FU_L H 2 1.00000 0. _ 2gU.[5 b.8922

OxXOAN[ 0 2 1,00000 _, G zgS.t5 t. Ozl_

8U_NED GAS CJMPUSI[ION IN MUL_ FRACTIU_S

_+ZUIIb_ 0._$L57 OLIGI O.OJd_l

(OLIP/P[I/DLT[IP[:-I,0_OB6

(D UD/bL_/)P_ = -95,85

(DL(P/PL)/D_t[)PI,T[= O.l't'_2b

(DL(T/TI)/DHIIPI,TI- 0.08_85

ID UD/DH[I_I,TI = 2_0.2Z
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i:_) Example ¸ c_" t'trst !t_,:'::t::rL _',_' ::_usL_: _" _zLtL,Tr,:s _',: [:-,_I,; ¸ ': :,:_ ;<.

• u. luuouJ,

a.ijaauJ_

}. la_auoL a£ u.saaso3_
_. iJauuoL ot o.z_ooo_L

d._ ]uou_t Ul u. L_OOU_,

,. u. t 1030 _t

_: °..........

st _,s

JI a.2oooo_ u_ u._oOoo_ oz o._ouo_uL ol o. looooof oL o._oooool o_ o.2ouuuo_ ut

J_ J, 3._a3_ ol u.17oooot uz n.£ooooo_ J£ _. o.

J_ J. u°looooo_ o_ o.1_oooo_ Ol e.7ooooo_ Ul u. o.

J._ooooJL uL _.2_o_uoc ol o. 3. o._ooooo_ ol 3.

o. _.luo_uoE ot u. _. o._oo0oo_ ol 3.

oz J._)uOouL uz o.z_oouo_ uz U. ll_,_uu_ oz o. loooooL ul o._ooouo_ oL _.6ooouoc ul

o_ -u.£_-ot

ALI_LELI(_,I O. iJ_OJt OL d

I_11 C2tbl o. D.

J_l; CLOICU_IU) o. _.

C_3_SH_ U,lUUUo_ gl _.

J_IT CUlCl_tlu; u. J.

_LLU_IJI 0,L_0303_ Ol 3,

_zSL_) 0.I_333_ ol _.

M_LIb) O.l_Uao_ Ol a.
_GI_L_I_ O, lOuOaa_ Ol j.

_LCLZI_ O.l_Uaa3_ al J.

_I_Lr_tlvl U.l_vaoaL ok Oo

_Z_LI.] o.l_oouo_ ol J.
mll _l_]tb+ o. 4.

_LOllol O.L)rjOO3_ OL o.

_loz(_,; _,.130000_ 0£ J.

ull_t _.13ogoot ol 3.

o2<b> o.13o_uo_ el _.

JL_II_ U. laOO00_ Ol u.

m_r _Zt_ u. u.

I_lr SlCLH_ o. o.

_ZOll_l o.t_oooo_ u£ a.

_13Z(_l o. too_oo_ o_ _.

_L_}I_I o.1_ooo_ OL o.
JHll _I]ICLII_I o. 3.

J_lF _LOL_21_J O. O.

SLISI o. _.

_OLO_I_J o, D*

m_L:LZILI o. b.

m_llSI o. o.

_Ltu_ o. o.

AL2031S; o. u.

aL2UJlLI o. _.

ALLI Sl o. _.
aLLILI o. 3+

o. o. o.

_. o° u.

o. o. o.

o. o. o.
o, o. o.

o° o. u.

_. o. o.

o, o. o.
a, o. u.

o. o° o.

o. o. o.

o. o. u.

o. _. u.

o. :). u.

o. u. u.

o. o+ _.

_. o. o.

o. o. u.

u. o. _.

O._26Z_L ul -O.ZlLTIZE OL O._l_09L U2

O+28_E-uO O. tUOSSzE OL O.Z_Z6_t_ UZ

_+ o. o.

U. u. Oo

O, _. U.

u. O° Oo

O. o. _.

o, o. Oo
O, o. o.

_. o. U.

o. O. o.

_. o. U.
o. o. u.

O. O. U.

_. o. O+

_. U. O.

O. o. O.
_. O. o.

_. U. O.

o. o+ _.

O. U. O.

o. o. _.

::, ,, :% L',' : ...... _"++:
O.LObblt_@t=-o} :, , t: [,+ = 1, i .... , !)

:tcrm (r :':: :, :

C,:rrer:t T, :, ,% ,
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TABLE XV. - Concluded. ]NTEP&IEDIATE OUTPUT

(b) Example of conveilged d[_ta at throut for ::rohlem In Table X.

H, MOL WT CF, CAL/(G)(K) (BLM/bLP)T _'DiM/DLT,P GmGiA

AE/AT MACH IfU_ER I, LB-SEC/LB IVAC, Lt_-SEC/LB CSTAR, FT/SEC

(DLT/DLPC)PC/P DLI/DLI'C, PC/P (DLAR/DLPC :PC/P (DL(A/W')/DLPC PC/P (DLCS rDLPC "PC/P

(DI_T/'Dt{C)PC/P (DLI/DHC ?C/P (DLAR/DHC }PC/F (DL(A/W'/DHC )PC/P (DLCS/DHC)PC/F

( nLT/DLPCP )S (nLI/DLPCP) $ (DLAR/ELPCP S ( DL< A/W)/DLPCP) S (DLCS/DLPCP)S

O.LTTbe215E Ol

0.231920_6E 02

O.Og999999E Ol

O.G7940662E O0

0.45872999E-02

O.bg40992]E O0

-0.16780_89E-O0

ALl(G}
ALtCL3IG)

0MIT AL201(G)
0MIT 21(G)

OMIT CICLI(G)
OM[T =[H2IG)

CZM2IG)
C2N2(G)

OMIT _[U[CL2(_)

OMIT ;IS2IG)

OMIT CLICINIIS}

OMIT CL201(G)

QICL[(G)

H2Ot(GI
MGIIG)

MGIHIIG}

OMIT MSISLIG)

_tHtIG_

_I02|GI
OIIG}

SL(G)
OMIT SICLZIG)

SIO2(G)
OMIT SLOLCL2(G)

MGICL2[S)

MGI(L)

AL203(LJ

0.19150352E 02 0.24923622E 04 -O. b13861Z3E 03

0.SZO46955E O0 O. t4t29141E-OZ -0.3[039675E-Ol

0.gggg8981E O0 0.10_90088E O] O.[9_b367[E 03

U. O. 0.

O. Z365208gE-O_ -0. -0.99910843E O0

0.34bI742[E-03 O. 0.3bg46963E-O0

O.BZ848097E O0 O. O.

O.Z526_48LE 01

0.12070672E Ol

0.50150601E O_

0.89157313E-03

0.36946963E-00

O.

0. OMIT ALZIG) O.

0.00004 OMIT ALEHIIG) O.

O. OMIT ALZO2(G} O.

O. oMIT C2{G) O. OMIT

O. UMIT CICL4(G} O. OMIT

O. CIH3IG) O. OMIT

O. C2H_(G) O. OMIT

O. C[O[IG) 0.26358
O. C[DISI(G) O.O00U_ DMIr

O. CL[(GI 0.00090

O. CLIDI(G} 0. OMIT

U. HI(GI 0,00309

0.13_54 OMIT H[C[NI(G) 0.
0.i_555 H[S[(G} 0,00033

0,00003 MGIELI(G) O.

O. MGIOI(G) O.

O. O_lI _IIG) O.
O° OMIT NIH3(G) O.

O. OMIT _201(G) O. OMIT

O. g2(3l O.

0.00005 O_I[ 52(G) O. OMIT

O. OMIT S2CL2(G) O.

0.00005 SIO)IG) O. OMIT

O. SI(S} O.

O. MGICLZ(L) O.

O. El(S) O.

O.03710 ALl(S) O.

ALICLt(G;

ALIOLIS)

ALIOICLI(GI

C3(GI

CIHIIG)

CIM4IG)

CLNIIG)

CI02(G}

CISLIG)

CLZ(G)

CL102_0)

H2(G)

HLCIDLIG)

HZSL(G)

MGICL2(GI

MGIOIHIIG)

N2IG)

NIOLIO|
NLSLIG)

OLHI(G}

SICLtIS_

SIOIIG)

SIOICLIlG}

MGIOIIS)

MGI¢SI

AL2U3(S)

ALl(L|

O.00OO_

O.

0.O0021
O.
O.

O.

O.
O.O1926
O.

O.

O.
0.32439
0.00003

0.001_9

O.00108

O.
0.o6847
O.O0001

O.

0.00029

O.
O.0OO1/
O°

O.

O.
O.
O°



IAO

_D

o

Solid
vapor

PI

Liquid

vapor

P_

/
/

/
/

T{ TZ T_ Tm T s

Temperature; T

Figure i. System entropy as function of temperature and

constant system pressure in vicinity of melting point.
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Figure 8. - Subroutine YATRIX.
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Figure 9. - Subroutine GAUSS.












